James Vandezande 


Official Press 


A AUTODESK. 


Eddy Krygiel 


, BIM Manager 


for Denver International Airport 


Foreword by Brendan Dillon 


















ey rea 
y inh 4 i 

AN HH s Ne 

AA wi eae 

/ AN NE 

AA i DALA he TS 

ERIN NAOS aa 

A a ead t 

m \ ok Soar 

BONS NNN | S| ean 
AN SN See ae n 
xrm S e 
RZ n Aei op | 








Mastering 


Autodesk® Revit® 
Architecture 2016 








Mastering 


Autodesk® Revit® 
Architecture 2016 





James Vandezande 


Eddy Krygiel 


CisvBex (\ AUTODESK 


Official Press 


Acquisitions Editor: Stephanie McComb 
Development Editor: Kelly Talbot 

Technical Editors: Eric Bogenschutz, Jon McFarland 
Production Editor: Rebecca Anderson 

Copy Editor: Elizabeth Welch 

Editorial Manager: Mary Beth Wakefield 
Production Manager: Kathleen Wisor 

Associate Publisher: Jim Minatel 

Book Designers: Maureen Forys, Happenstance Type-O-Rama; Judy Fung 
Proofreader: Jen Larsen, Word One New York 
Indexer: Johnna VanHoose Dinse 

Project Coordinator, Cover: Brent Savage 

Cover Designer: Wiley 


Cover Image: John Linden 


Copyright © 2015 by John Wiley & Sons, Inc., Indianapolis, Indiana 
Published simultaneously in Canada 

ISBN: 978-1-119-04461-1 

ISBN: 978-1-119-04458-1 (ebk.) 

ISBN: 978-1-119-04465-9 (ebk.) 


No part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or by any means, electronic, mechan- 
ical, photocopying, recording, scanning or otherwise, except as permitted under Sections 107 or 108 of the 1976 United States Copyright Act, 
without either the prior written permission of the Publisher, or authorization through payment of the appropriate per-copy fee to the 
Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 01923, (978) 750-8400, fax (978) 646-8600. Requests to the Publisher for per- 
mission should be addressed to the Permissions Department, John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, (201) 748-6011, 
fax (201) 748-6008, or online at http: //www.wiley.com/go/permissions. 


Limit of Liability/Disclaimer of Warranty: The publisher and the author make no representations or warranties with respect to the accu- 
racy or completeness of the contents of this work and specifically disclaim all warranties, including without limitation warranties of fitness 
for a particular purpose. No warranty may be created or extended by sales or promotional materials. The advice and strategies contained 
herein may not be suitable for every situation. This work is sold with the understanding that the publisher is not engaged in rendering legal, 
accounting, or other professional services. If professional assistance is required, the services of a competent professional person should be 
sought. Neither the publisher nor the author shall be liable for damages arising herefrom. The fact that an organization or Web site is 
referred to in this work as a citation and/or a potential source of further information does not mean that the author or the publisher 
endorses the information the organization or Web site may provide or recommendations it may make. Further, readers should be aware that 
Internet Web sites listed in this work may have changed or disappeared between when this work was written and when it is read. 


For general information on our other products and services or to obtain technical support, please contact our Customer Care Department 
within the U.S. at (877) 762-2974, outside the U.S. at (817) 572-3993 or fax (317) 572-4002. 


Wiley publishes in a variety of print and electronic formats and by print-on-demand. Some material included with standard print versions 
of this book may not be included in e-books or in print-on-demand. If this book refers to media such as a CD or DVD that is not included in 
the version you purchased, you may download this material at http: //booksupport.wiley.com. For more information about Wiley prod- 
ucts, visit www.wiley.com. 


Library of Congress Control Number: 2015939456 


TRADEMARKS: Wiley, the Wiley logo, and the Sybex logo are trademarks or registered trademarks of John Wiley & Sons, Inc. and/or its 
affiliates, in the United States and other countries, and may not be used without written permission. Autodesk and Revit are registered 
trademarks of Autodesk, Inc. All other trademarks are the property of their respective owners. John Wiley & Sons, Inc. is not associated 
with any product or vendor mentioned in this book. 


10987654321 


Acknowledgments 


Ah, acknowledgments. Although all the glory of writing a book is consumed by the authors, it 
takes so many more people than just us to actually make this happen. Just like building design, 
the process of writing and publishing a book is truly a team sport—and without the hard work, 
dedication, and willingness to put up with the authoring team, this book would have never have 
happened. 

Of all the people to thank, first of all, we’d like to thank the staff at the Revit Factory. Without 
their fine work, this would be a very empty book. Thank you, guys and gals, for your hard 
work, innovative ideas, and desire to stay in touch with current design and construction issues. 

Second, a thank-you goes to Brendan Dillon of the Denver International Airport for his 
wonderful foreword and, more important, the spectacular work he’s done. In his time there 
he’s spearheaded the creation of a very comprehensive BIM guideline to help his agency 
figure out what they want from BIM during design and construction and into operations; see 
http://business. flydenver.com. 

Finally, a big thanks to our technical team. They dot our i’s, cross our t’s, and chide us every 
time we turn in something late. Their work and effort ensure that we as authors can produce 
something that you the reader can actually follow. So a thank-you to our developmental editor, 
Kelly Talbot, for putting up with our school-yard antics; to copy editor Liz Welch for taking our 
architectural slang and making it readable; and to production editor Becca Anderson for putting 
all the pieces together and getting it ready for print. Thanks also to Mary Beth Wakefield for 
watching the schedule and allowing us to use you as an excuse not to visit family on weekends 
or holidays during “Book Season.” A thank-you to Jon McFarland and Eric Bogenschutz, 
technical editors, who have given a careful and detailed eye to all of our Revit workflows, and 
to our excellent support team at Sybex, who helped us develop all this foxy content. And a final 
thank-you to Willem Knibbe for getting us into this in the first place. 

The building photograph on the cover was provided by photographer John Linden and features 
the Anaheim Regional Transportation Intermodal Center (ARTIC) designed by HOK. ARTIC is 
anew world class transportation gateway to Orange County, California, the 5th most densely 
populated county in the United States. The project links freeways, major arterial roadways, bus, 
taxi and rail systems, as well as bike and pedestrian pathways in one central location. 

ARTIC anchors the Anaheim Rapid 
Connection (ARC), a high-capacity, fixed- 
guideway transit system and will be the 
southern terminus of the California High 
Speed Rail which will link the State’s 
southern and northern urban centers. 
The use of BIM on ARTIC helped engage 
the many engineers, builders, and public 
agencies involved in the project. For more 
information on this project, please visit 

Pe the following web page: http: / /www 
.hok.com/design/type/aviation- 
transportation/anaheim-regional- 
transit-center-artic/ 





About the Author 


James Vandezande is a registered architect and a principal at HOK in New 
York City, where he is a member of the firm-wide BIM leadership and is 
managing its buildingSMART initiatives. A graduate of the New York Institute 
of Technology, he worked in residential and small commercial architecture 
firms performing services ranging from estimating and computer modeling to 
construction administration. James transformed from an architect to a digital 
design manager in his 10-year span at SOM. In this capacity, he pioneered 

the implementation of BIM on such projects as One World Trade Center, aka Freedom Tower. 
James has been using Revit since version 3.1 and has lectured at many industry events, 
including Autodesk University, VisMasters Conference, CMAA BIM Conference, McGraw-Hill 
Construction, and the AIANYS Convention. He is a cofounder of the NYC Revit Users Group, 
and has been an adjunct lecturing professor at the NYU School for Continuing and Professional 
Studies as well as the Polytechnic Institute of NYU. James has served as the chair of the Design 
work group for the National BIM Standard-US and has been a long time contributor to the Level 
of Development (LOD) Specification. 





Eddy Krygiel is a senior Business Consultant with the AEC team with 
Autodesk Consulting. Eddy focuses on BIM and technology workflows for 
architecture, engineering, and construction (AEC) clients. He received his 
bachelor’s degree in architecture from the University of Kansas School of 
Architecture and Urban Design. He has almost 20 years of experience in 
architectural offices and on a range of projects from single-family residential 
to office, federal, civic, and aviation clients. Eddy has helped firms around the 
country at both the firm level and the project level. 

His most recent project was the Denver International Airport, where he had the role of BIM 
Manager for the Program Management team. The BIM role involved supporting and steering 
stakeholder workflows from design through construction while not impacting the overall 
project fee or schedule. The final deliverable to the airport was a facility management-ready 
BIM model for both vertical and horizontal assets. Eddy has also led or been involved in other 
large-scale projects that have taken BIM beyond documentation. 

Eddy is the author of more than 15 books on BIM and sustainability including the Mastering 
Revit series and Green BIM. He also teaches BIM, construction documents, and architectural 
communication at the University of Kansas School of Architecture. 





Contents at a Glance 


POV CIO I x seca cn Rs des Gee Ge, Govt e ert de Gest Ghat, Sosa whew bee Bs cle Gi fs GH Ges Ald ot de sd Ried A 


FOOT IOUE. vice o.exesis Bic Bs B's Gch doe EG ea le ae hoe BE EG A BA ae 


Part 1¢ Fundamentals .......... cc ccc ccc ccc cece cece ccc cees 


Chapter 1 © Introduction: The Basics of BIMia< s.i520442 2saxenaeas 


Chapter 2 e Applying the Principles of the User Interface 


and Project Organization sssr esreissiserissiredrrits 
Chapter 3: © The Basics or the 100lDOX 5 2.4 450505 5458442 24 oeenaens 


Chapter 4 * Configuring Templates and Standards................. 


Part 2 e Collaboration and Teamwork ..............ccccccces 


Chapters: € Workin r Ina Ieas asrasin n yeiai 
Chapter6: © Working with Consultants s« sccs0essecasenesrdaee eo een 


Chapter 7 ¢ Interoperability: Working Multiplatform............... 


Part 3 e Modeling and Massing for Design ................4+- 


Chapter 8 ¢ Advanced Modeling and Massing .................... 
Chapter 9 ¢ Conceptual Design and Design Analysis............... 
Chapter 10 e Working with Phasing, Groups, and Design Options 


Chapiri © Vista ZaOlss2eertergeas en siganpeeereedsa senses 


Part 4 « Extended Modeling Techniques .................000- 


Chapter 12 ¢ Creating Walls and Curtain Walls.................... 
Chapter 13 ¢ Modeling Floors, Ceilings, and Roofs................. 
Chapter 14 ¢ Designing with the Family Editor.................... 


Chapter 15 © Creating Stairs and. Kallines 220 da caves nes oreacs 


X 


CONTENTS AT A GLANCE 


Part:5 « Documentation «6666 %e ce cece KEKE RE REE ET 1242200020080808049 701 
Chapter le © Detailing Your Desi s.c.5 secre esse sewrteneeceseaopsdepnee es 703 
Chapteri7 = Documenting Your DGsiet..:iceetsaens amen eyecwed ne bad nee es Lor 
Chapker ls + Annototne VOU DesiCt wanes pete esde teas een rats a es 771 

Part 6 e Construction and Beyond ..............cccecccccccccccevecs 819 
Chapter 19 -« Workine in the Construction Phase... 46 .ésk<s ssiedeeadeedesde os 821 
Chapter 20 -© Preseniin] VOUr Desi, connec utorte oes ehan deeb ete Soe Ke ER Yes 847 
Chapter 21 © Working with Pom Clouds 24324424460 655s Hh Soe oars 2044 873 

Appendices 6 :5si65 5506s WS 5 ES8 oe BEM E EDERAL S OE Oe OER Ew EEA TS CEE Bae eee 895 
mppendicr © The BOOM) Line... acc seensn tees say eaneateseenseeseraess 897 
Appendix B © Tips, Tricks, and Trou Dlesn00tne <0 eviveedanoe-0deeoee ns eus ees 917 
AppendixC ¢ Autodesk Revit Architecture Certification ................0..05. 945 


Contents 


RUICU OM Asie s tag hapeagtenbabaon eh eebaws es Geeab eee souee Teese eset eheoouesds Gees seeos xxiii 
LEM 1s) ee ee, ee ee eee ee ee eee ee ee eee ee eee E xxvii 
Part 1,6 FUNGAMCNTANS. « 6 o64.06546 0444-45996 ES 4G 1S 6 HOS EROS ERR EES OR OTERO 1 
Chapter 1 + Introduction: The Basics of BIM .............0ceecececcees 3 

Wit We GV aaa e e a E E E E EE EE E E 3 
Understanding a BIM Workflow ssi recricsieseceserridtitiieisii tidbit reisi 4 
Reverie? DIV Pro SCE ren EEEE EE NE EREEREER EED RPEN EENET EE EE EEA 9 
VUAN e E a EEEE E EEEE EE AE AE 6 

A ee E E E EE E R E EEE ERENER 10 
E a E EEE E E R E AA 11 

Focusing Your Investment 10. DIM: gcons nics e hen costes epee denied ees dane 11 

Plame 400 BUN sacuc te epee ead hapeeol eae eet akane anes eewentencaas conn ee 12 
Understanding Project Roless.::.oss0k4 chose his beesneeiende tbe eotsoneda ges 12 
Establishing a DIM Execution Flan neunoet ces ibeiecas epee es eee eee cess 15 

THEEPOT EE 45 ca 5555 wpe oe pees to oe ones 2s see eee seen see ye eeeses ees 17 


Chapter 2 • Applying the Principles of the User Interface 


and Project Organization. .........sssssssesesesesessees 19 
Understanding the User Interface yh re ate 8 eee taeda ee eek ete ees 19 
Accessing and Usine the Applicanion. Mien jn 265.424 beyoered ead sues Retews 20 
Usine the Quick Access TOO a firs oy pay ct gut aeecsha deepen te eos Coney ow 20 
sine e MOCE. gerrei sei esirin nten e EEEN ENA NETES 21 
Gething TO NiOW Ine KIDDOt ster cee ccs oper ieee tee rere ees eae auras 21 
Uong QiherAspecis of Me Ul ssrierre esie annern E EERTE R 29 
Navicalion Methodi si rrerir preria RENE a A E RA E EESE 33 
Detmine dT 1oject © eam 7a Ons a: oe 504 yar oon obs 8 ee bene eee ee nae ee eaa eee 36 
Introducing Datum Objects (Relationships) :i0.22~4 cnx sms ieecrecsed denen e eee q 36 
Sie COCR ee es ohne he ooh ees ee ee ots eee one ete Coe atau aes 48 

WV Orne WU VICW Sich ane tees aetna ash cee et eensebeanreeesereeeesnader ses 50 
Managing Your tT voject MOUel> tcc teens tear ees swe e es eee eee ete hey 65 
TRE PONOC E We. .4 esos seu.p uence teres to sens 2a see ee eso uns ney eee es oes 66 
Chapter 3 « The Basics of the Toolbox... ........... cece eee eee eee 67 
Selecting, Modifying, and Replacing Elements ............. 0.0.0... ce eee eee eee 67 
Pelectine ElCIICIts 4: a« 5200704 see tesa sned EEE E EE E 67 
DClCCHOM DUO e 235-24 uty Gerd ee ree eee oe a oat eek epee tas eeaeag eee ee 69 


FPitering VOULOCCCOU 2. cocatend ae55o08 e aE e AEA ERE A NNA 70 


XII 


CONTENTS 


Usine Selcom- based TUOTE o siii aa E RA EE aeanqenae as 70 
eee a O Err A EEE EEN A E 70 
Usine the Properties Vales veccexce ceca ao eoyeteees i EECa Rea eE AR ee 71 
DEO O O easar ET re ee ee ee 73 
Wein she Conte Ment saeco ear ee taan sy ea sd bs oe ata EEE 73 
Editing Elements Interathvely eres iskerner ee eeu umacaen tees iae oe eee ous 74 
KIO E E aaa a E E E E E E E RE 74 
Con ME EIEC e EE A E A ERE EERE STES 78 
Rotating and Mirroring LIEMenlS ssrrerse nti Eai rne A EEEE RERS 79 
Array mE ELEMEN eei epn a E E EE E EENES 81 
se iaraa E n E E E EO near aoe ees 83 
AN TNE ELENG a e eR E ERE EEEE EE AS 84 
Trmimine-or Extending Lites and Walls. s0cicvrrcnaxshepad om koe Conamw ews 84 
Spline Lines ad, Vallone cetacean anes Cote eee teenies debe reece ears es 86 
Onisettine lines ane VWs). eo. cncngemagenetagtcawened a gaeeinaenee geen ees 87 
Preventing Elements from MOVIN .< cee 4p esas sed celeste cesReegeueeecene es 88 
Explore Other Equine (00S) 0324620565 pdatinncs6ear tas ouede essen eae pes 90 
Vant the JO SeOmenry 100k, 20.0 2ees 4 ven EEA RREAN 90 
Wein hep ocean a0 100) S.x saan ety ee es oe) nobody te nes aes oe 91 
Copying and Pasting from the Clipboard ............. 00... cece eee 9l 
sine the Credie ola 1OOlss ciccescongarecneonesedayeegeesvensernaerers 93 
Using Keyboard Shortcuts (Accelerators). sci dka pe need wr owed saw he aun ees Ges 93 
[Biever bd alee cll ee Te nee re se err ere re ee ee er eee 94 
Modeline oie Cone aa eterike aE RAe R a A E 95 
Ue A EO I eE e E E EREEREER RAEE 96 
Creating a Toposuriace tromiad: Pomts Pile ..nés cau cawanedch sees ges dasbeen shes 100 
Creatine Budine Tadese eere erer r evianta ereuneucsatee tia eeu eeeeae es 104 
Generate Propetry LWiCs 6 tose seceaserereerne esas eancei esas seeeeeueres 105 
(CU FI Schedles siprrrrorr r ekeur NEBERE ETKEN EEDE eee a oe oe 108 
The Dooni LING erens ae aa EE E EE EE E E EE A 110 
Chapter 4 • Configuring Templates and Standards.................. 111 
Introducing Project. Temip ates ce ocee cee aes bee ee hee neg ede eo oe tee Pee Re ens es 111 
Customizing Project Settings for Graphic Quality................ 0.0.0... .00084 112 
DiIseOVel INS ODieOl yes ian enc dented E E Nee heres ER E 113 
sing Line Setines: cscs enas casas con anen a bo ear a ese ow aed anaes 114 
Detmine Materials 4... tc¢0nansaareteda read cease eeeeah desde ereokeeseaaae 119 
Detmime Fill Panel teas 4534 ce ots EE r E AEE a Fond eee eee een aes 128 
Preconneunine COlOmocilemM esis envy eco 205) 4esss too bor nese ees 135 
Incteasine Efficient View NIANaCeMeNl io.55 ciaxtes pov eredne van Kankemereusivas 138 
Oreo zne VOWS sirrdir deere oeeee saan coer esos ee ee tues See eeee ee eh eeeaes 138 
Creating and Assioning FIEIS seriorik srar etiga ar koi PrE EEE E a 141 
Usmo view Tipa ernen aE aE A EAE A E A 143 
Creatine Custom AmnOtAliONS: 56110 desediodeteeisSaedin ehende nt a a a 147 
Ingroducine dacs Family Fundamentals. «.:5.0 ess eydv sede es eae teeceeus eee ees 148 


Creaunie a Custer Door Ta esrara erann RA E E ERRERA 149 


CONTENTS| XIII 


CUStOMIZIe. VIEW IiGe i cte ada bat pane ns eae neon eee ene ee aaa ese 152 
Slattine a. roject With.e Custom, Template .:.4524 .2864-eeeire a spade eenea nae ds 157 
piratesies lor Vianaeine lem plates: scc500c2 cones stntand ii oe ou.6 Soh e oe eee ee es 158 

Apprecahne Template Dala stead ahd oe meres ood an Raley ee eae we ee oe 199 
The Doon LING, eaea pnr r Er E AAEE EE EE 164 

Part 2 « Collaboration and Teamwork... ......... 0. ccc ce cece cc ccecccceeees 165 
Chapter 5 ¢ Working in a Team... .......... ccc ccc eee ce eee eee eee 167 
Understanding Worksharin® Basics... i0+ ss ss8etserdeudanade esata a hewky onsv es 167 
Foabling Worksiatine On, YOUr Project: 2cciwcsh tye eee dudeeee eee beeaessteenn es 169 

a WVOL Sele. og a ee ne ee ee eae hy aa er eee er 171 

Creamed. Central Miles s2-¢5t5 9 ens a4 costae E AE ER eean eee eeu 171 

SeleCliNne a, OrattING VICW. sons seaweeds dd pad Bee ooo nei Gae sees sas eek eda ge 174 

Cee a Le T a aa E E E T S ES T5 

Using Woiksharine UseirnaES certas DE EE E A E E A E A 178 
OTANI ZAIN eS VWVOlK SO la ssenwet eo kaa Meus cons weie sie Aoeanaonmnedietay hemeweu sees 179 

NMovine Elements between WOrKSels. :.ci.4 cose este e ced iets Hea tweeteehetaee s 181 
Manacine Worktlow With WoOrksets: 100.54 sy eoeesesddestadoeieeeeens Rhee doe 184 

DAVE Ole i as en men rue ee ar eee ony Pee os oe epee edo sees Gees 186 

Savile ater Vals 24.25 copes eaakehead poee the bhess deiner ts eoagekedaes 188 

Loading Work from Other Ieam Wem Det: 65. vat opivee dn dsced eer dvnasensees 188 

Using VWVOrkshanine VIsUdliZarlOl« vasenetyeten canes boeenee teen Reena 189 

Managing Workset Visibility in View Templates ...................0 0000008. 192 

Close REV se eeaccetanatece tse ctaga eee epee ena seae et eee ereasesee anes. 192 

isan WOK Shane 524 as Gaede non pean eeany yey eee eee Reo aer er 194 
Understanding Element Ownership in Worksets........... 0000. c cece eee ee 195 

Uriderstanding Eo iting Requests ox vos cus ete eatenedues eoheys eee Hee eee es 197 

Piacie aE nine Request. 2:2 eceaeg manne orn Bye iee ioe bene ret ee eens ee 197 

Crate an Paine Regest «stnnceeeade setae oceans Se pree wen eeaena eng: 199 

Reog nng Perno O ranan A EER EER a 200 

Using the Worksharing Monitor ..s.:s.rissiirsivssrsieiseidisseteiras eam 200 
Wolaboraiite iii ClO eese EE EERE EE nE EE 201 

A360 Collaboraon or Reyik esr ureys irere iia EER EREE EEE AR 203 
TRE PORO EE eeen ne EREE EE S EE EREET 203 
Chapter 6 • Working with Consultants...........sssssesssssssese. 205 
Prepare (or C ollaba Oes arsenu a a E 205 
Managing Hie Goo dinal Ol.) 10cess 4244064 seen ree edacie pps aete etwas ote sees 206 
sine biked Wegelsi0 Revitecescuaceesad shoes beenrenteeees eecaeureeenna ee 209 

Dared- POSIN sci ar basen en dones pontine sparen eu eed ees eee een oc 210 

Usine Project base. Font anc OU Vey ON tan pcddee tend ontosae ees cause ee na 2l 

Using Worksets to Organize Linked Modèls. rrerrrrebrerrereiiirnridk eies 219 

Summarizing the Benefits and Limitations of Linked Models................. 221 

sine linked: Models==EXercises sas4decs coe cen saun eines get hrsneeieaucess 222 


Usine the Coordination TGolS sisrirerkri te ktrk tpi EE E ENARA EE E EA 225 


XIV 


CONTENTS 


sine the Copy/ Vlonitor COMMNAN «+ s<ccxctasecopdntaceougereaceasnes neds 226 
Using the Copy/Monitor Command—An Exercise ..................--02 000 228 
Using the Coordination Review Tool <5 229<ectussesent ates See tessee eee esta 230 
Using the Coordination Review Tool—An Exercise........... 0.0.0.0. e eee ee 232 
Using Interference Checking in 3D Coordination. ................... 0.00000. 233 
Pe Boon A esena e E A REEE E R E ERORIS 236 
Chapter 7 • Interoperability: Working Multiplatform............... 237 
Examining Interoperability 0n.o.BIM Curve: css. ccat. ese inpdeyet oeedeeenene ees 237 
Felicia ited O59 BD Ei: er ee er: ee ee re ee ee 238 
Using Predefined Settings for Inserted CAD Data «.:ccnsees ass iesanganenae 2 238 
PM POMIne Ve. LINKO s otinpneeeep cere aaeed iene Seer aa eu oede as eeee anes en 240 
Using Options Durine Im pontine / Mikes «6221546 beetewn teen gs ceeds eed 240 
Matipulotine Inserted CAD Data .i.0452ctnt2 tea cate nee even ree dena eeets 242 
eine Wisetted. 2 ate naawucgen boy Seeaueeweorte poe hea gar abeetsateekeennses 245 
Setting Options for DIM Conversions i+ 0c2ccertnsnacesontosuesyetnecuiuetos 246 
Usine CAD Data for Coordination esisti reik Erregi E ERE es cee ibs 4 247 
Eaa A E e E E ETE ET TEE E EE 247 
Using mserted 3D Dalier ererin ritt enaA eA EE AR EE DS 250 
Usne CAV Pala asa MiSS errre renias CEE ENE ARE TOERE EAE es 250 
Uime CADI ISI FI Oe a eA E EE E E ER a Aal 
Using CAD Diti aman OEC siaaa aae E E A E i R A E E ARA 254 
PROCEED ads ceca aed Soe Been tor bee eee eee ieee be ee eeeceeeore: 256 
Preparing a List of Views for EXpOrlne .s .44075us eons bode ren iene yeos tee 257 
Seines Lor DWG EXPO Serart entip En RE EREE E AERE E 259 
Ex porine LOLA D Dei xceckeaheeuveet sed ebees Ree asendneyee te dneesaenne ee 264 
PPa CAN OM EL D eer bere asanees oes eae taaneeeesT ee yee ences 266 
EXpOrnme 10 KER DUP eredes rre or eetan eae ees erence ana eeg eases 266 
sine IRC IiierOpera Oty 2455225 a4 edad en eee ed ota) oe Ree ee Gan eae cere 269 
Toe Donon Lileskk 244.25295,008h60o seeks tapers hes beeond pheude bed peedeke shee 276 
Part 3 « Modeling and Massing for Design ................ 2c ccccccceereccccces 277 
Chapter 8 « Advanced Modeling and Massing .............00.ee000. 279 
ihe Massing User lnteriace and. PUmCtOn alii s..4.04 27 canoe tendon ser nee ehese end 279 
Crealine Mass GCOCE Y errer nr EAA AREE TEETE E TEE RE 282 
Creare PaCS Vaes:, ney hee pee ee oan aeee seco nbee s9 ore Genes es 283 

A eE re re ee ee ee eee ee ee ey ee ee eS 289 
Create Wiss DOO a. cto teeterese cue sere oe ea eee ee eet eee ane Gees 290 
Denec UIs Vidsses 12.0485 eee easeees hs ae tag renee ses eae caeeeneaee ss 291 
Massie UNAS errai arria ENA E NA ESE 299 
Using Free-fotm Building Massing. s» iis:ickriscriiresrtinedrke rusi niuni 298 
Dissolve ad KeOUICIN Gs a2 dees eee ey tetas oat awe ny eyes Her ean eageneos 305 
Creatine FOmiula-Criven,Wiassiie cox ctoanscweewte os keaGne obeet su tee neennnes 313 
Creating a Generic Model Mass Painly s.caccstessecsivvhe ree beeteeanenoded 313 
Creating aC omplis Mass Tamily .tcs5 os taenee ee doses ope setae ee eet hs 326 


Whe Oro. Lite. ..s 24-45 5.66.5 ebb ah a hoe Hes OO OES he Ee ene heoub sen eeneeesesn és 334 


CONTENTS 
Chapter 9 « Conceptual Design and Design Analysis ................ 335 
Pie Wels Or sUs(a May +6 oon een ae eoentasee ones ek eseeeahon ea teeta ee 335 
Creatine a: Concepitial: Niass..s oes seece cuore cee oe ee assederhe gee areaeeneaupees 336 
Nodeling ail Adaptive COmponei ls css: tascbawt desde pweoessea take cee 1Gs Be 337 
Building the Massing Pranework «ntosn0esrycexeeseeenseeeneseeoyenegnes os 344 
Foc y ModE serre prerii inr EEr Gente ee hee hod hence Erein NER} 350 
Concepiial ENEY ANa eranan EN ERNA ARARE 351 
Poer Anay e o eere a a R AE EREE E ETR EEEE EAA 352 
Rünning Energy Analysis SimulalónS. sss essesi ay aa ea irae a EE a N aA 39/7 
Rennine the Concepttial. Analysis. 04 sis need enetas sone ah dates arsaheoteaaad 360 
Detaied Eictey MOdCING .cns cee aeons woe ibetea eee tere eee een cane aoe es 367 
Px pOMine 1008 Vaso wate oie eee eee ender) eee seen renee eer dee eee ees 368 
The Bottomline 24 -sacanedon teak euenseede oe bey eu ehe eteesaekes keener eens 374 
Chapter 10 • Working with Phasing, Groups, 
and Design Options. ..................cccceecccccees 375 
Vane PI ae ee ease pe eee eo ary soya es eee en eae ees 375 
WV iat (Cam YOU Nase” « aneekex bye htia eee uote phe we base ore. eye ne eeree? 378 
Dmaplementine Padse  eties 624s cyan etesceetee nest dere eoee bee teeane neues 379 
Uiltistratine the SeCOmetry PASS o.vesscntneres buen ene 4 phen ee Ses cmee eae ness 385 
sine tne View dst. +p ajar acoeaceaneee es oeeeesuree eas eas eesane eer anese 388 
Crearing and Use Groups 2 matinic nd oeens oben eG 4 Stas eles ada EE A 394 
a eO aaa E EEEE E AENEA 394 
Moddiy ae TOUDE aae AS EE ET AE E Bees 396 
Creatine INGW GlOUDe «chin Ham Key Er EEE EEE E RRA T E EEEE EA 395 
Excliiding Plements Within GrOUps . scodeccestecasrioree ee tees aseae suse es 400 
Devine alc Load mil OUD seer wee ee hee eda eee ee eet eee eae eee es 402 
(redtine Groups (ONIN ks. acceceaeead se ehestee uence EEEE EE 404 
Using Best aC hiCes IOP LOUD s 3 4acocc5e shine carer eas Aue ESE R 406 
Making Désion Options for Desion lteration ia +d: dani see ondeeedeeeseveeeanea 407 
Creatine Decon OPON reris r Aara nec tebe oat ane nee eyes bed aang eeos 408 
Pie eset) ODN Olsen tases ie ker erae rra vos anasto bora eee eee eenes 411 
View ine atic scheduling Desien OPlons «sect sssentduyeescbascteeeane ess 412 
Removing Design Options and Option Sets «2é40ske sss cwiaw stan eees eee shi ae 412 
Combining Phasing, Groups, and Design Options ............. 0.0.0.0... 0000. 416 
Pivase 1) DemOMiOn: 42 ax mcinniond suds Hohe RE Ge eas eke a eeetEne od 417 
Piace I ETOP I Me ee ea eee ee ee ae ee ee ey eer See eee 419 
Thoe a Domno 24 nua cneteae et ie tot ee cade he eee ater eas ena oes 84 420 
se TO P0seU as 205sec aca ee ace aot ER R anenes cones 422 
DCMU. cece ceeneseceheees Seat adedeae ee eesar antes tone ieeeeaeees 423 
Wee te Wesion Opon IJOL 2usauiate sore eu srg eee yee e eee ees wee ee 427 
Tie Doron LIC s 44554 6e apes oeeaes 658 bes tos eee new ae Sheree ss 430 
Chapter 11 ¢ Visualization .......... 0... ccc cc cee ec cece eee eens 431 
Pxplaining the Kole.of Vistiali zation «..ts<.06eseke rie aie ees pete Oa che sh ends os 431 


Understanding. View Controls: <os4stss6o0ke ey Reyes esd daeee patrata nEri 432 


XV 


XVI | CONTENTS 


Devine Wie Vet LE cacetgatnateaennens eae onsen eee eneeeeaaeeue ene: 433 
Workine with Graphic Display Opu0ns 4425 «2a64crenre es ead es eenewne nares 435 
VOL KING WIE the SCCHON. BOX s22.555 onde ce bey eteses tikes eas ridet dirintis 446 
Wnderstandine Analiic Visa Zaoll. tes ovs-cvechetdea ted oy eee aeons ah ee Fo eS 448 
PrOjeCt draiMelers e ene debe cose beige osteo ee beeen oe sae eee E 449 
pecune User-deiined Parameters .~ .1.a6.0<sseuie oednakeoeteetsn ees peeesees 452 
Identifying Wesien Elements 2 son bans ee eay ses ote bees eee eeee seen ce: 455 
Perino Solar and saadOw SMiCless can havd hates cana boteuss Hearne anaes 456 
Understanding Photorealisnce VisvaliZauiOl<2..22 <es+eswes wees aeenee arene ees 458 
Rendering Sequence and: WorhowW en <i ob.adenieet eres chavs es Sagurnus oe 459 
Creatine Perspechive VIEWS. cae eadre cu neeenneaneres tor ees cae teeeue ge ea 459 
Locka e VOUT VIEW prre ERA ESA Gs teed peony ess Eee here 463 
Creatine a Walkthiroun D s serer ire reren ete eeen een stees Hea ore EERE 464 
PXPOCUNG a. VWalkKihtOUCh, 155052542 acadeureotecnsteineei ae tesaateenenee es 468 
ReNCeTING Deri ee. susadenteoteuvesense nebene ene ene pie ecewes ee caa ene: 469 
Using Monochromatic Views to Examine Context and Lighting............... 472 
Adjusting Lighting and Interior Renders .52.1<ssvarcas omiedoeadenddndsed 477 
Piscine Tia) iGne cea cease eos eae eae ease ne hase sees ye eaeaa nee 478 
Mam PUI athe Lich SfOUDs 2.24 ds0eoneney betta ese) nee enone oues nee se 479 
PXSSICO INS lated ey ao 2toe ese hoe peta nee ne ore woe ears et oria eee eben eet 485 
Renderie Whe COU s csesyen cece auadhareetucasasioreceseareueseeene ees 486 
The DOUOmIINe.. ciducots tems oeuy eon ae bbe ee ee pee coat eae eee eee he 488 
Part 4 « Extended Modeling Techniques... ............. ccc ccccccecccccccces 489 
Chapter 12 « Creating Walls and Curtain Walls..................... 491 
Using Extended Modeling Techniques for Basic Walls................. 0.0 .00004 491 
Creatine Basie Wa Wess cae Hee pee ere ane ee eoheyes 40e Hee eee es 492 
FCN Vile PCUIAION 49 si 2 ts. e eeagnenee eee Suet toe Feat EOE: 501 
Modeling Techniques for basic Walls..i.sc2 scenes cemenas Heeneatencmekanaeage: 508 
Creatine Custom) ner lace-VWVall6..csc0¢5584-04 a0 seg eee RE EER aR B15 
Creatine Stacked Walles serris brenet keri REE AE Ea EPER REE AEEA 516 
Creatine Simple Cwta n Walle sraa ridire rner ENERET bias ces eae bobs 519 
Des nine aC Ura Wd. ans dango tena e elas Os Hee Roba ees e eee EE 521 
Customizing Curtain Wall TY pes. 2.42. meewn cite ee peace eheoree cee peeenees 529 
Creatine Complex-Curtain, Walls: o¢cs0ccucceceerseeassh inet eeseareteseeauedes 534 
BAAO A SU Aee a2 eyo ees en ig hantnateenen eens 4 ceenee rates ye endes 535 
Divicime Ihe au riace With. lersecis.cas4 eon osase eee eas eee ease euesanes 538 
APPD TEN eee aini REE A E OAE a 999 
Editing the Pantein oUr Esere erernu a A ERNER SESA 539 
Editing a Surface Representalon. sery ker enie dirr Enke EE ESES E ERER ENEN 540 
ADe DeM Oee ena EE EE EEE E E A E E EE ET 542 
realise Custom Pallets: ies goede dee reeele ceed ee tee sees eeseeeeeseues 391 
Limiting the size of Pattern-pased. Families: .e:¢na<ecus sures teas vees sae an 552 
Using the Adaptive Component Panly .s.¢% 25 a2544sreures ead aeeaweeenae es 554 
scneduline Pattern- Dased Panelg ssiri tdri iriit Arkki oE i EE EAE R 556 


The Bottom LiG: 3 sea. neg o-oo ne oe ae coe ee Od oe Dee Pah ue een ESAE 557 


CONTENTS| XVII 


Chapter 13 « Modeling Floors, Ceilings, and Roofs.................. 559 
Understanding PlOOr ly pes. «c..cchectae4ceatng ean beos seh aeyeessseeensaeenee se 559 
Modeli a FOO esac co guesyesceceanedhare gt EO AEE 559 
CTeatinieed OU Oct FlOOl  aticqateons boeeee ee te ois cpeee eee eee ees aes ee 562 
NMecelIing TIOOU DY Faces <i eancemeeeseno try cere eeee ee ee eae ee openey nee ss 566 
Dene Bad 66 nea cane pence an tee cee et ae Mew aed inane sedan ee eens os 566 
Sketching for Floors, Ceilings, and ROO 4.024 s20.04 3s 620s Gawnes ele ee yeeeedanss 567 
Modeline Map Ta E egi e era R E RE E Ry eyes tera erne nee e4 568 
Creating a Custom FPOot Ed Essaien E E E A AEAEE N A 569 
Modeling Floor Finishes: +.0.4,26064 areca ead pa b6 tele eh eee o6G050 RE A 5/2 
Usine a ophtFace for TA Miaishess 22. ete eta eed eee eel kee aes cee ae 3/2 
Modehne Thick MMERNES. ya pionirke Ear EEE ER AA RE ERR ds 574 
CIE E CE aE ENERE EREE ENEE EE EEE 575 
Understanding Kool Modeling NEMS 24.2 com soteses dines 214 b09see eh eine os 576 
Constructing a Roof Dy (OOlpIt «402g ceates cag anee ys areca danend ne ees 579 
Ape be, a KOOr Dy EP rUSIOW: s4uc 42425042 teaee sce ce os ean eateneens AA 582 
ROClMeplaCe 55h cnt nian poreceancet eda cereals bh cbspaheaselatesheoseaaea 583 
Creatine a Ko0r Dy Faces gi poet yo ose bas Ge hes oe eee ee ees 584 
Calip a a Oped Gl 710e 5 cia seueeenno eee a ee ees es ee he eae ies tore ener ee 585 
Sie DIO VER IlOW Sg doef sete hae new e bees pha ndoude oyee be gee ay eae a? 585 
sine Sddlional Root 100ls.5<¢2%scecmeienye es een ees ee bee sensansteins es 586 
Using Advanced Shape Editing with Floors and Roofs...................00.005. 589 
Creatine a Roof witha Sloped Toppin®: ....:cicci2va ccs sn vseraaivans bad vasas 590 
Applying a Variable Thickness to a Roof Layer.............. 0000s cece eee eee o2 
PPOO L eas raaa r EEEE E E T E E A RES 593 
Chapter 14 « Designing with the Family Editor..................... 595 
Cetine tared waT a a sencatcgieagees ene ene tae hoe ehee A 595 
Understandine placed di 6s; snq-ecaagu es anode eawrenweas ye eeeeaneurnness 596 
Choosing the Right Family Template and Category................... 0.0000. 597 
Choosing Between Hosted and Nonhosted Family Types .................... 600 
Creating Other Types of Families in the Family Editor....................... 601 
Understanding mie ramily BQUO8 s cis-nscev seeks = waded eoheyis Hee Hed eee es 604 
Developing the Framework for a Family COMpONCNt «s<.x<00% 5553 t0n8e6cueescwes 605 
Creating the Necessary Reference Planes, Lines, and Points .................. 606 
Using Dimensions to Control Geometric Parameters. ...............0 00.0005. 610 
Reviewing the Differences Between Type and Instance Parameters............ 614 
Organizing Solids and Lines ina Family Editor.........................000. 618 
Modeling Techniques in Hie Family EQuots.1.¢yt04 es ub tebe eer ee see eued Kees 622 
Creatine an EXITOSO seie r ERE E a E E Geepehior ene ve E E 623 
W aA e EEEE ee er ee eS ee ee ee ee re 625 
(Crean? @-ReVOWe« 4n4oy diye tna tenho tnetan ensues oaenes teat aewed eages 629 
Creatine a Blend and SWept BIEN: s::c2224025 -aeagrsn ead eae eeman ewer nness 630 
Nestle Panes os «cdi othe hadagdereon pooh neretee sade phew AE 634 
TROUDICSHOOUINS VeCWi (USS 4.3.02 anes erence ohn eees 245s eaeeaeent eeyeaeee ees 637 


IDOLE a VISIO NCCK cect oes oe aon nee eee bees ree een a ee eae 637 


XVIII 


CONTENTS 


Applying Parametric Arrays and Family Type Parameters.................... 639 
Wie Doom Dine .<accoc ees or caetea nese ees aout eueet ase eeeesacwae eens 642 
Chapter 15 + Creating Stairs and Railings ...............00eeeeeees 645 
Desionine Stal tS cd: RaINNes secs os yosy bee beh tnes ee PEee GS Cees R ae eenees as 645 
Reviewing the Key Components of Stairs and Railings ......................... 647 

Reviewine the: Basic Rules Of Stairs. 2 cosw gation tony beeen ced ieade a nee Rees 647 

Working with Stair COMPONeAtS s¢ cnt er eater hee aa Bim ewe heen e oe 649 

Reviewing the Components of Kallnes:.o0c0sicnntosonsd ase weneeeeevedes 650 
E I e err T ES a ee ee ee ee ee 657 

Understands the Str L00ls s.essc0gons esacetee eran ies ese aegauennenee a? 658 

Using the Components for Customizing Staits.....24.004s¢aessisnsae sae ie es 663 

Creatine claire Wilh Other lOCls. 2254 oscnvendeae deat antene see nee aecssees 677 
AOE ONC Sexkad tobe hag eter epee ee lan Oeted keto eid eee tad eset 684 
Peat Nao 24 ns oad asco tee bee Keene ewe ote pee Rea ene nbeet sa teeneennaes 686 

Creating a Custom Kae ocssneecttuotonve ct esas sedoree est arcueseeane ess 689 

Creating Glass Railings with the Curtain Wall Tool......................005. 693 
Using the Kaine lool for Other ODjeCtS <5 2005 65552 ay ose ee eur ese evenes cee es 696 
Wie Botlour Line... 45.68 oveeihas oes ott aes anew neel ous peat aedee ene ae 700 

Part > « Documentation.. sissisiiecsrcari ct OSs RONEN ESSE REN He SENS 701 
Chapter 16 + Detailing Your Design ................ 0c cee ecccees 703 
Cheats Clas yee oa ogee ae es oe eee Fae Ee EES 703 

Wiew types (On Wer N0e..senccpaweeneteaahass enone ER EE 703 

Vorking withthe Dering Crocess:..+250;04 «a5seewene ee sessse eee en ee ee 705 
Dela TOOLS 4 i ctcnccei animigeienceni ae ogaGienseheer lak eueededs eens te bees 707 

Wisin the Weta ite TO0ls.estcanses ou here nea estes ees eee wb ee bos ee 707 

Wei ine Ley LOOl neces ndsne pb oene yess esr) heen ors ee dees Kanes 708 

Using Filled Regions and Masking Regions. ........... 0.0... ccc ee cee eee 709 

Adding Detail Components: 5 ccsssopsoteneest eens dayeeeceecsteeieene ess 715 

Repeating Delal COmpPOneiN s siaaa eea E E K R E 719 

Using line-based Detail Components.+ 254225 ssasesuree E E EREE 123 

Pranung MEnaON: sai erisiknis teer EGE iiie eS Ea a EEE A 723 

Coane DEE EGOO eaer E AAEE R ERENER RTENE 724 
madine Detail Components 10 Fanies. 5 necrndetesiesnebevodeurweatya nye nies. 726 
Reusing Details from Other Files 5 can eey ews ues oe eee soe aetna eos Coane es 729 

ei ela Si ante aes sceee eto eaee eee hau wanes eens hee eee: 129 

Using Details from Other Revit Projects rience edasveteeere ieee ones cores 730 
LeDenA 734 
Chapter 17 • Documenting Your Design ..................ccceeeeees 737 
DOCUMCNN Ne PANS 54 cds cmap teneond eaten pO obi ner eee ted peed eeaentes os 737 

Calculating Space Using Room ODjecis srsscsrirsrrrri sn tarta tI risd tiA niks 737 

Cea Un e AEA PA e ea E E ERE S EE EEE E 740 


A a O E E a ee E E ee ee 744 


CONTENTS| XIX 


MOGI ine fea levies s5.8cescantnesnatncten sane tne see gaed cn aenaane senses 747 
Creaune schedtles sd Lepends .aocccecenee es etaseeremiree spas eu senea anes t 748 
Creatine OCNCCWIES) tcte cee E EE ENEE E EEEE EE TES TEESE TET 748 

W aE E E E E E E E E 761 
Lay e Ou E a e e E E A EEE E Hepes 763 
POCO We ALCOA» ance tie bee eee E EA ARE EOE 763 
PCUIVGUING A VIEW a4. ccnt aad tics Poot eens eee mus Cee Re eee) oeStee See nsens ets 763 
Wein CUICe GAs. 6a4oxae tae hen teaentinew aes Geen tohense Se eenena anaes 765 
Pee tie DCNCUNG 2.6 oa Giekcepeausas age ed oe eag re eas bee eean eur anes 766 
Hoshi the NEGT rgi eriniki eiaa eR A E R E EE 768 
TAEPO E ea EE E EE E EE E 769 
Chapter 18 ¢ Annotating Your Design. ............. 0. cc eee eee eens 771 
Annovaune with Textand Keynotes. .22¢222 incites carga nee eyenwadeaaiad eee es 771 
Sie FOX ae oe ing Gare he he Hee Bee eerie wen eae ne obaee tia ewe ponent 771 
Usine KEHON eeri rereget aeiae EEA E E EEEE AE 776 
a a A A E E E E aes aes bs 788 
Inserm Ta S pae ere nere ERRE EEEIEE EEEE AT EIRE REEE ERINA E N 789 
Usine the TI Ool e e erini AEE E E AE OE 790 
POI a E O a E E EE E E EE A RRE ES 794 
sine Dimension, PQUATy <wecdnstaeket ees 2 has cage hee eyes tedeakeneneets 197 
Custom Ze Dimension. Iexivs 244acascddandas tag caey eee nees en Ganeiet ene 798 
Fdinne Dimension SUNS t.2505 ces acetone eer ee sns nr deoe tone aeeerenoees 800 
Sie Weriiare Usa, neeee pies eee eee sere eu sea eee tener eee eats cee es 802 
Annotating with Project and Shared Parameters............ 0.00. c cece eee eee eee 803 
reatiiie Project. Patamees c.o howeewese oducts tbeatendaeveokedmeeenenknes 804 
Crear = Siated PoleinClel once yewecs ania oOGad eet aneane eee noe eteuc ess 808 
Toe PONOT E N ee A E E E E E A EER A E 816 
Part 6 « Construction and Beyond... ......... cece cece eee cece cere cere reece 819 
Chapter 19 « Working in the Construction Phase................... 821 
Using Revisions m Your Project: <.416sc.0speess4seseeneek Heese eee eae nese t 821 
Crean’ o REVISION ClOUC..2g:.20n4o4cns pbohineeeG Gates a EE EEE 821 
Pacina E OAO o.05% ae ea eraa cad ane esas eae pean eee nt epee teen aes 824 
Tage ine a Revision Cloude sgsr kerry saraka Eaa ERRE EEE EE a E TA 826 
Disable De Leder serere eie ire reren EEEN RAAR E 0 ene Gree es 827 
Using Die ttal. Mais «132055 6555 See baceie ce eeee nes edsrds ae tons aeeeeeuoees 827 
Publishing to Desom REVIEW ..24..2c000+ see neusdasee bere cepasans eeue evoked 828 
iNitere(Qhbaeg (ce Gog sall eC ee ee ee ee ee ee er re 833 
Pee dl (5 66 ee edi ot ada cee sgs od chines ba nese tebe aren eodaaeies 834 
MOdiy Ie Paris c.24acsaiesedeee thse se EER S oe eas ene 835 
Peed ine Paris. st achwpaGen te eereaoe ie eites catnn sh Oeceeas panne sees ° 842 
CiCae PSSCM10NCS, 2h co tha bee See ea ee vas Hebaee eee aes eeeenees 843 
Creatine ASSeMIOly VICWS «i sveseecesnodharegteensesdoree est ersaeeieaneies 844 


The a Ott Ot ie bitte a4 a 40d ceo dacs as ee eas oe ee le eerie 4b Seo aes eel ee 846 


XX 


CONTENTS 


Chapter 20 ¢ Presenting Your Design ............... cee eee ee eee eee 847 
Understanding Color Fil Leeds: <4 s44eeceeceanheahaoh deyeeeesasenea ce nee ek 847 
Making a Color Fill Legend for RoomS. <2 .<ectssnecedovteseeeretneeeiuenas 848 
Customizing 4 Color Pl Lecce 4 witc cs beeeee eee ois cee setae seus tess 852 
Modit yian OMET EINE Se y dear eap E aoe 2.04) nese eee ee seen een ereevesee es 855 
Using Numerical Ranges for Color Schemes .c0....<0decsae vee tan dew ap eae os 856 
Present Withol ViCWS: ¢o30x2 an ease eae bees os eee tennessee eee sence 859 
Orientine 10 OMEN IGWS acerca crad hed 640 REER E EEEE EEE RA E 859 
Annone S VIEW i ee ee eee R 861 
Edina View POIV lV DGS 1: ca 6220seeceed eta pa bs oh bG 6550 sha deebeaesgetess os 862 
Creating - Exploded” AXONOMGINIC VIEWS .o: sss wiseieesnteesaeensawws soca soos 864 
The Donon EnGarde rae ee E EE eer eee. eee eee eee eee 871 
Chapter 21 • Working with Point Clouds ...........esessssssseses. 873 
Understanding LIDAR serseriraius k ekir ANERE RETE EE EErEE 873 
HWA erneer E SE E E EE EE 874 
Peneha o E Re ren E E E ER aT 875 
Collecting Exist Onc ONS .40 4 26 fendi So oes ok eee ones 875 
Plannine fora iDAK SUtvey 62.66 n0oe5 std rads pasha pee bnsduses baeesenke ts oc 879 
EXferiOr OF IMCIIO£ « 20.4 3045.44.5-Pooeeee Gee Sab rns BUTE Oe F9eS 1h Reese ewes 879 
Ee veler Detall sane antes teste eee E E EE A EEE E S 880 
liMeeery ONC COON caataveckan Hoan eens vesaeeee tre uneuseedeeteg Mean bee sees 880 
aq.) (a eee ee eee eee a ee eee ee ee ee ee ee ee ee ee ee 880 
Pei te Cale PO leCha a cae edes ov noe eas endo ete doy eee teens ak ee Fa eS 882 
Getiineg otaried witha, POmUCIOUC 2.» ¥s29e heed Os Hue orb epee ee see eee Keays 884 
Modeliie Witla Point Cloud <4 cecvotesapdesshiu dese teicedetbeeoagehedads 889 
Manipal o LOU ClOUd arc eset 5a cme ane ead AEEA AS 892 
The Dorion Line: s.204 4968094206 ee ea eas cetea gene ead sphere teeta ena 5 894 
AD DCUGICES 6.5.6. 4605 66Gb 4b oe 64EEGEGE6444SE554090.040990580RH8 000008 895 
Appendix A « The Bottom Line .............. 2. ccc cee cece cece eens 897 
Chapter 1: Introduction: The Basics of DIM. gin oats: s) 55-4 w pee ae Monee eeee do 897 
Chapter 2: Applying the Principles of the User Interface and Project Organization . 898 
Chhaprer 3 Tne Basics OF the Toolbox. esso irereririesd erde iper erni eai ei 898 
Chapter 4: Configuring Templates and Standards..................0. 00.000 0004 899 
Chapikro Work DP ma Tedi erran EEE EE REEERE RAR 900 
Chapter 6; Workine with COnSUMaINS. <5é5s6.e5se0"so0 eects ose tessa te eeenes 901 
Chapter 7: Interoperability: Working Mulfiplattornt «0.0 <.0is.4 ores sae dev ane eens 902 
Chapter 6: Modeling and Massing lor Desiony on.cccaaav ins cds cow eetadeeed doa8s 903 
Chapter 9: Conceptual Design and Design Analysis............ 0.0.0.0. .00 0000. 904 
Chapter 10: Working with Phasing, Groups, and Design Options ................ 905 
Chapter TE Visual Zao). <hes ocucane poe torch een e soe a eee ake hae peree nee o6 906 
Chapter 12: Creating Walls and Curtain Wallsis.:.4:1.s00.deass <voete Swe ne ence es 907 
Chapter 13: Modeling Floors, Ceilings, arid Roofs «602.0 .000ve rs edvesssag enone 908 


Chapter 14> Desienine with the Family BQO? js..5s0c0csteaes es peeved etde aden 909 


CONTENTS 

Chapter 19: Creating atas and Raines. .nc.cnctancenusns oceeneaueatnasmaeaeds 910 
Chapter 10: Detailne our DeSiR N errrrcrts risat n irren aE ENERE 911 
Chapter 1: Documenting Your Desiell.. cociecetevetosast idee vas os bta teed ees 912 
Chapter 1S: Annotating Your Desien .6iwé.ov esse ct sdsvd tudor iwiees ead peae box oe 913 
Chapter 19: Working in the Construction Phase.............. 0.0.0.0 e cece ee eee 914 
Chapter-20: Presentine Your Desens. <4.545s0use rie ween fanedtorts tue Reeeeese 915 
Chapter 21: Working yin Pot CIGQUCS a. 2e cen pas eda keane soak eee yan eene ee 916 
Appendix B « Tips, Tricks, and Troubleshooting..................... 917 
(pum Zine Per Oman: ioc eaetee ences eerste el yeu pcene seer aneeneses oe 917 
Ure Best Prc anera EAERI E S EE EERE EE EEE 920 
Owy C OTO sareei a E a E a AA A 927 
Keeping an Eye on Fe 176 seen bia oan eek pe E SE ETES EEEE EA 927 
Uone ee UE aa p E E E A A E r EEEE E eee: 932 
Reviewint Worin EG sirere e irek kue EEEE Ea E EE E 937 
Oiner Tips and ONO U erreari esirin EEn erT EEE 939 
POCIMONGL A CSOMLCes «api -acamnecuweeaue sis bee eeed a odo oe pe ea ne as oes a 942 
Appendix C « Autodesk Revit Architecture Certification............. 945 
ee ee te A ee ee ee eee ee rere ee ee ee 953 


XXI 


Foreword 


There are two great secrets, or as I think of them, two great sins, in the architecture profession. 
The first is that the actual practice of architecture is something that has to be learned on the job, 
after we’ve committed several years, and subsequently quite a lot of money, to an educational 
program that has only a small amount of carryover to the actual architectural practice. The 
second sin is a near mirror: that the actual operation of a building is also something that has to 
be learned on the job and after the fact, after several years and quite a lot of money is invested 
in the design and construction process. This is again with a disappointing amount of carryover 
from the design process. 

At best, the status quo provides us with adequate starting points, but is adequate really good 
enough? Shouldn't we aim for better? I’m no educator, and addressing the issues of architectural 
education is not my purview. However, as to the second sin, the matter of delivering a building 
that is ready not just to be occupied but also to be maintained, this is the realm I scout and 
probe every day. Fortunately, BIM processes, facilitated by software like the Autodesk® Revit® 
Architecture program, are chipping away at the embedded processes surrounding the delivered 
facility. 

My first exposure to BIM came in graduate school at the University of Cincinnati. I was 
taking a skyscraper design studio and our instructor, a forward-thinking, technologically 
minded architect, brought in a trainer to give us a crash course in Revit the first week. This 
wasn’t a requirement, he noted, but he wanted us to at least try out this exciting, up-and- 
coming software. The breakneck pace of the project resulted in most of my classmates resorting 
quickly to more familiar tools. I held out longer and was probably the last to change at about the 
midpoint of the studio. As exciting as I found the design tools at the time, the learning curve 
was just too steep for a single day of training, although I probably would have finished the 
studio in Revit if I'd had a reference as useful as this book as a guide. 

My first opportunity to explore the full depth of what BIM and Revit were capable of came in 
2010. I had been working for some time for a firm that was committed to BIM implementation, 
but most of the time our work was lonely BIM, or BIM Lite, or BIM 1.0, depending on the 
catchphrase du jour. This was largely owing to the requirements of our clients and the lack of 
similar commitment among our design partners. As cliché as it sounds, any BIM effort must 
begin and end with the client—if a facility owner isn’t going to make use of the data developed 
during design and construction, then that BIM effort will be fundamentally flawed and 
incomplete. Although we constantly pushed our clients to do more and some great strides were 
made, we never got quite as far as we hoped to go. 

That changed when we joined the design team for Denver International Airport’s new Hotel 
and Transit Center and I was subsequently selected as the project BIM manager. Little did I 
know what a career-defining moment that decision by my boss would turn out to be. 

Whereas with other projects we would have to introduce our clients to what BIM was and 
what benefits it could bring, on the HTC project Denver International Airport (Airport code: 
DEN) was taking the lead and demanding BIM—not BIM Lite, which the industry seemed to 
have plateaued at for so many projects, but real BIM. I daresay none of us really knew what we 
were getting into. 

To say this was an exciting and ambitious project would be to only scratch the surface. 
Though an incredible opportunity, it was also at times terrifying, frustrating, and 
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overwhelming. Few firms in the area were truly Revit literate, and none had ever worked on a 
project that took BIM as far as the airport wanted to go with it. The learning curve was steep for 
all parties involved and, naturally, the schedule was short. 

The entire project was to be executed in BIM. The architectural and systems designs were 
done in Revit and the civil designs were developed in AutoCAD® Civil 3D® software. The 
general contractor and their trade subcontractors modeled all of their content as well. Spatial 
coordination was done in Autodesk Navisworks® software for design and construction, with the 
trades’ means and methods reconciled back into the design models. The contractors, designers, 
and commissioning agents tracked RFIs, punch lists, and commissioning data in Autodesk 
BIM Field, and the whole shebang contained the necessary data to connect to and populate the 
airport’s asset management program. 

Fast-forward to today, and I find myself sitting on the other side of the table and up to my 
chin in information as the BIM manager at Denver International Airport. When our new hotel 
and transit center comes online in November 2015, we would, under a non-BIM process, have 
to manually enter the thousands of assets we track into our asset management program. This 
would have to take place after the contractor manually tracked a slightly smaller slice of that 
same information for all those assets for their own needs, and the design team manually tracked 
a yet again smaller slice of the information for those same assets for their needs. Duplication of 
effort atop duplication of effort. 

That is not what we will be doing here at DEN, because of the ambitious BIM and asset 
management program for our 53 square miles of campus and 20 million square feet of facilities. 
What will happen instead is that a month before the facility opens, we will have all of the asset 
information easily ported from a Revit model that was created by the design team, coordinated 
with the built conditions via Navisworks and the Autodesk® BIM 360™ Glue® software, 
and informed with construction and commissioning data through BIM Field with minimal 
duplication of effort. Data supplementation and addition, not duplication. 

It would be difficult to overstate what a significant step the adoption of BIM processes 
are for DEN. BIM processes and technologies are still developing for many on the facilities 
ownership side and the integration of BIM with an asset management program as outlined 
in the UK’s PAS 1192-2 and 1192-3 is even further out on the cutting edge. This is particularly 
true in the United States, which trails the UK in asset management leadership and lacks the 
broad BIM requirements being rolled out there. That DEN has taken this leap to a more holistic 
implementation throughout the length of a facility’s entire life cycle speaks to the vision and 
drive for industry leadership at DEN from the top down. 

Our BIM models will feed information into almost every aspect of the airport’s operations in 
one way or another—from GIS, planning, and maintenance to tenant management and finance. 
We'll have the data to better track and analyze our construction and maintenance processes. 
We have maintenance staff going into the field with tablets loaded with asset data and facilities 
models. Driving it all, we have all that data, all that precious information, that makes BIM so 
valuable and Revit such a powerful authoring tool. 

In your hand, you hold the information you need to learn how to apply the latest version of 
that tool. Between them, Eddy and James have written more than 20 books on Revit and BIM. 
They’ve led countless BIM projects that span broadly from lonely BIM to true BIM at every size 
and scale. There is no better single reference for Revit than this one. Here within these pages 
you will find guidance not just on how to create sensual renderings and crisp construction 
documents, and how to clean up the peskiest warnings, but also the understanding of the value 
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of that precious information on which a facility runs for the length of its life. I know that I am 
excited to add this latest edition to my library, and I hope you are as well. 


— Brendan Dillon 


Brendan Dillon, LEED AP, is the BIM manager for Denver International Airport. Brendan is leading 
DEN in an industry-leading implementation of BIM and integration of BIM technologies with GIS and 
asset management systems. Prior to joining DEN staff, Brendan had managed over $1 billion in BIM 
projects in the design industry, including four years working on DEN projects, along with an alphabet’s 
soup worth of other governmental agencies. 

In his spare time Brendan brews a variety of award-winning meads and is a firm believer that Han shot 
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Introduction 


Architecture is the process of turning a thought into space. Although it’s so simple to convey 
that in the written word, the actual act of doing so is much more than it is possible to write. 
It’s glory, it’s torment, it’s frustration, it’s freedom, it’s the realization that one miscalculation 
means a complete redesign, like blowing on a house of cards, and it’s the 3 a.m. epiphany 
when you realize that the new design was what you were meant to get to in the first place. 
With all of that, it’s also the burning desire to work relentlessly to make something better one 
step at a time. 

Autodesk® Revit® Architecture software is one of the many tools we employ to help us 
through this organic process. It’s one tool in the toolbox, but it can be much more than that. It 
can be the workflow that helps to empower a team. That team is the designers, the contractors, 
and ultimately the owners who are all looking to speak the same language. 

We hope that in the process of using this book, you'll experience a bit of the struggle 
to realize a bit of the satisfaction of finding the solution. We hope what you learn in this 
book helps inspire you to your own bit of greatness, because what’s most important is that 
architecture isn’t about buildings. It’s about what we are able to accomplish with what little 
time we have. This is the elegant essence of Revit. Before we go much further, there are a few 
semantics to discuss. 

First off, all the tutorial files necessary to complete the book’s exercises plus sample families 
are hosted online at ww.sybex.com/go/masteringrevitarch2016. 

Don't have a copy of Revit 2016? Download the trial version of Revit Architecture at http: // 
usa.autodesk.com/revit-architecture, where you'll also find complete system requirements 
for running Revit. Are you a student or educator? Someone with a .edu email address? You can 
get a copy of Revit for free starting with the 2016 version at http: //students.autodesk.com. 

For the clearest direction when following the exercises in this book, please make sure to 
install all the Revit support files that come with the default installation. We reference them 
heavily, and you'll need them to best leverage the software. 

Also, it should be noted there are a few flavors of Revit. Starting with the 2013 edition, 
Autodesk released the Revit Architecture, Autodesk® Revit® Structure, and Autodesk® Revit® 
MEP packages separately. They also released a One Box solution that has all those products in 
a single version of Revit. Depending on what you have installed—Revit as One Box or Revit 
Architecture—there will be some slight variations in the user interface. We have focused this 
book on the use of Revit Architecture. If you’re using the One Box solution, the variations will 
be slight and hopefully manageable. 

Finally, most of our offices purchase the Revit software on subscription. With subscription 
comes a host of benefits and add-ons to Revit. This includes tools like access to cloud rendering, 
storage, and analysis, which we demonstrate in Chapter 9, “Conceptual Design and Design 
Analysis.” You can go here to create an account: http: //subscription. autodesk. com. 


Who Should Read This Book 


This book is written for architects and designers who have had some exposure to Revit and 
are eager to learn more. It’s for architects of any generation—you don’t need to be a computer 
wizard to understand or appreciate the content within. We’ve designed the book to follow real 
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project workflows and processes to help make the tools easier to use. The chapters are full of 
handy tips to make Revit easier to leverage in your day-to-day world. 

This book is also for the entire range of architects, from those who are fresh out of school 
to seasoned project managers. We have endeavored to include content for all walks of the 
profession so that regardless of your role on a project, you can learn how BIM changes both 
workflow and culture within a project team. With that, a basic understanding of Revit will make 
it easier to work through the book. Revit is a very robust tool requiring more than one project 
iteration to master. 

For BIM managers, the book offers insights into the best practices for creating good 
project or office templates; these managers should also take a sneak peek into the powerful 
world of building content and Revit families. We’ve added many time-saving and inspiring 
concepts to the book, supported by examples from our own projects and the rest of the real 
world, to help motivate and inspire you on your journey through building information 
modeling. 


What You Will Learn 


This book will help you take the basics of Revit and BIM that you already know and expand 
on them using real-world examples. We will show you how to take a preliminary model and 
add layers of intelligence to help analyze and augment your designs. We'll show you how to 
create robust and accurate documentation, and then we’ll help you through the construction 
process. 

We go beyond introductory topics. To that end, we won't be starting a project from scratch 
or teaching you how to build a simple BIM model. If you are interested in learning at that 
level, we strongly recommend you pick up Autodesk® Revit® Architecture 2016 Essentials 
(Wiley, 2015) before plunging headlong into this book. Instead, our book begins with a brief 
overview of the BIM approach. As you are already aware, BIM is more than just a change in 
software; it’s a change in architectural workflow and culture. To leverage the full advantages 
of both BIM and Revit in your office structure, you will need to make some changes to your 
practice. We’ve designed the book around an ideal, integrated workflow to help you make this 
transition. 

Starting with the project team, standards, and culture, we’ll discuss how BIM changes 
your project approach and how to best build your team around a newer workflow. From 
there, we'll delve into conceptual design and sustainability studies, continuing through 
best practices for design iteration and refinement. You'll learn how to use powerful 
modeling techniques, how to design documentation best practices, how to make compelling 
presentation graphics, and how to take advantage of parametric design with the Family 
Editor. We’ll explore workflow topics like tracking changes and work sharing as well as 
some strategies that move beyond traditional concepts of BIM. The book concludes with 
an appendix on troubleshooting and best practices so you can avoid common pitfalls. 
Throughout the book we’ve shared our practical experience with you, particularly in the 
form of real-world-scenario sidebars. 

Whether you're studying Revit on your own or in a class or training program, you can use 
the “Master It” questions in the section called “The Bottom Line” at the end of each chapter to 
test your mastery of the skills you've learned. 
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FREE AUTODESK SOFTWARE FOR STUDENTS AND EDUCATORS 


The Autodesk Education Community is an online resource with more than 5 million members 
that enables educators and students to download—for free (see the website for terms and condi- 
tions)—the same software used by professionals worldwide. You can also access additional tools 
and materials to help you design, visualize, and simulate ideas. Connect with other learners to stay 
current with the latest industry trends and get the most out of your designs. Get started today at 
www. autodesk.com/joinedu. 


The Mastering Series 


The Mastering series from Sybex provides outstanding instruction for readers with intermediate 
and advanced skills, in the form of top-notch training and development for those already 
working in their field and clear, serious education for those aspiring to become pros. Every 
Mastering book includes the following: 


@ Real-world scenarios, ranging from case studies to interviews, that show how the tool, 
technique, or knowledge presented is applied in actual practice 


@ Skill-based instruction, with chapters organized around real tasks rather than abstract 
concepts or subjects 


@ Self-review test questions, so you can be certain you're equipped to do the job right 


What’s New? 


The Autodesk Revit team works continuously to improve the software, add new features, and 
eliminate bugs. It’s a constant evolution. Here’s a list of the items that have been added or 
enhanced in the 2016 release. 


Worksets You can now show the status of a Revit link as Closed in the Workset dialog box. 


Shaft Openings The Shaft Opening property Base Constraint is redesigned to default to 
the level of current activated plan view when you enter the Shaft Opening sketch mode. 


Saved Settings Revit will now remember selected settings like Thin Lines and Snap 
settings between sessions. 


Dynamic Searching There have been several improvements to context searching 
throughout Revit. 


@ The Type Selector’s search fields have been improved to allow for better dynamic 
searching. 


@ Revit also allows dynamic searching when you are selecting a view when referencing a 
plan, section, or callout. 


@ Searching is now available inside individual properties within the Properties palette, 
dialog boxes, and schedules. 
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Background Color Enhancements You can now change the background color within Revit 
to something besides white or black. 


Linked Files Revit now stores the location of your last linked file as the default for the 
remainder of your session. So, if you were to link a Revit file into your project as Auto — By 
Shared Coordinates, that would be the default for the rest of the session. 


Tagged Elements When youre selecting a tag, there are now two new buttons on the 
contextual ribbon: Show Host and Select Host. Use Show Host to highlight the element that is 
tagged and use Select Host to select the element tagged. 


Reveal Constraints Mode There is now a new mode in the view control bar that will 
highlight elements that are constrained within the current view. 


Loading Families Revit now has a button in the Family Editor allowing you to load the 
family into your project and close the family from editing in a single click. 


Section Box by Selection When selecting an element or elements, there is now an option in 
the context menu to create a section box surrounding the selected entities. 


Remembered View States Revit will now remember the view states across sessions. 


Performance Improvements There have been several performance improvements made 
to redraw times and navigation, allowing the view to regenerate faster. This is especially 
noticeable in larger models. 


Revision Enhancements Several enhancements have been made to the Revisions tool: 


You can multiselect in the Sheet Issues/Revisions dialog box. 


@ Youcan delete revisions. 
@ The Numeric Numbering -Sequence starting number can be customized. 
@ Alphabetic Numbering — Sequence is now called Alphanumeric. Alphanumeric allows 


multiple characters in the sequence to accommodate custom numbering. 


@ You can add a prefix or suffix to revision numbers. 


Site Editing Revisions have been made to the site tools: 


@ Improved edit and modification times for complex toposurfaces, subregions, and building 


pads 


@ Regeneration improvements when deleting building pads or modifying building pad 
geometry 


@ Improved regeneration for cut/fill values when modifying building pad geometry 


Rooms You can now place rooms automatically on the same level with one click: 
Architecture tab > Room > Place Rooms Automatically. All empty spaces bound by room 
bounding elements will be filled with a Room object. 


Perspective Views Enhancements have been made to perspective views: 
@ Ina Perspective view, you can now select the camera and reset the camera target. 


@ Perspective views can be toggled between isometric and perspective from the contextual 
ribbon. 
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Multiple Wall Joins You can now window-select to modify multiple wall joins at the same 
time. 


Ray Trace Rendering The Rendering dialog box now has a Rapid Ray Trace feature 
available for static renderings. RapidRT provides rendering equivalent to mental ray® within 
Revit. 


What to Expect 


Mastering Autodesk Revit Architecture 2016 is divided into five parts, each representing a 
milestone in your progress toward becoming an expert Revit user. Here is a description of those 
parts and what they will show you. 


Part 1: Fundamentals 


This book is not intended for novices, but we recognize that not everyone will know how to find 
every tool or have a complete understanding of the workflow. The chapters in Part 1 help you 
build a foundation of essential tools and knowledge. 


Chapter 1, “Introduction: The Basics of BIM,” covers principles in building information 
modeling within your office or project environment. 


Chapter 2, “Applying the Principles of the User Interface and Project Organization,” details 
the Revit interface and general organization. 


Chapter 3, “The Basics of the Toolbox,” explores the commands and tools within Revit. It 
gives you an overview of where to find them and leaves the deep dive into their use for the 
chapters ahead. 


Chapter 4, “Configuring Templates and Standards,” discusses the tools you'll need to develop 
and manage graphic standards in a project template. 


Part 2: Collaboration and Teamwork 
Part 2 sets you on the path toward using Revit on a team or throughout your firm and takes a 
deep dive into a successful BIM workflow. 


Chapter 5, “Working in a Team,” discusses the critical tools to working with Revit in any 
project team. 


Chapter 6, “Working with Consultants,” covers the basics of working with team members 
outside your office. 


Chapter 7, “Interoperability: Working Multiplatform,” details the tools you'll need to share 
your Revit files with other team members who don’t use Revit as a design tool. 


Part 3: Modeling and Massing for Design 
In this part, you'll delve into the use of Revit starting from the early stages of design through 
analysis, iteration, and visualization. 


Chapter 8, “Advanced Modeling and Massing,” details the creating of forms and shapes with 
the conceptual Revit toolkit. 
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Chapter 9, “Conceptual Design and Design Analysis,” gives you an overview of conceptual 
Revit tools and using those in energy analysis. 


Chapter 10, “Working with Phasing, Groups, and Design Options,” takes the next step after 
the initial design and analysis: iteration. 


Chapter 11, “Visualization,” takes the design work you've created and shows you how to 
create stunning renderings and imagery of your design. 


Part 4: Extended Modeling Techniques 


Part 4 takes the conceptual forms you create in Part 3 and expands them to the real world using 
walls, floors, roofs, and other building components to create the elements behind a building. 


Chapter 12, “Creating Walls and Curtain Walls,” delves into the use of the Wall and Curtain 
Wall tools. 


Chapter 13, “Modeling Floors, Ceilings, and Roofs,” demonstrates a variety of ways to work 
with the horizontal components of a building: floors, ceilings, and roofs. 


Chapter 14, “Designing with the Family Editor,” shows you how to work with parametric 
families to create a host of content for the building design. 


Chapter 15, “Creating Stairs and Railings,” demonstrates a variety of ways and techniques to 
use the Stair and Railing tools—for their intended purpose and for others. 


Part 5: Documentation 


Once the building is designed, it becomes necessary to create the views and documents needed 
to build the project. This section shows you how to detail, document, and annotate the design. 


Chapter 16, “Detailing Your Design,” works with the building design you created in previous 
chapters to add 2D components for documentation. 


Chapter 17, “Documenting Your Design,” works with the newly created views and helps you 
organize them on sheets. 


Chapter 18, “Annotating Your Design,” takes the next step in the documentation process and 
works with keynoting and dimensioning. 


Part 6: Construction and Beyond 


This section focuses on what to do once the design is resolved, taking it into the construction 
process and working with presentation tools. 


Chapter 19, “Working in the Construction Phase,” focuses on the tools Revit has to keep track 
of changes during construction. 


Chapter 20, “Presenting Your Design,” shows you how to take the completed design and 
display the results in a variety of 2D and 3D methods. 


Chapter 21, “Working with Point Clouds,” teaches you how to leverage the emerging 
technology of LIDAR scanning and work with a point cloud in your Revit file. 
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Appendices 


Finally, three appendices supplement the chapters’ coverage of Revit software features: 


Appendix A, “The Bottom Line,” offers our solutions to the “Master It” questions in each 
chapter’s “Bottom Line” section. 


Appendix B, “Tips, Tricks, and Troubleshooting,” is just what the title describes—a collection 
of tips and tricks for troubleshooting and working effectively with Revit. 


certinchon Appendix C, “Autodesk Revit Architecture Certification,” describes Autodesk’s certification 
Objective exam for Revit Architecture and how this book can be used as a supplementary tool for test 
preparation. Throughout the book, the symbol shown on the left marks significant coverage 

of exam objectives. 


Contacting the Authors 
We welcome your feedback and comments. You can find the authors on Facebook at Mastering 
Revit, on Twitter @MasteringRevit, or via email at masteringrevit@gmai L.com. 

We hope you enjoy the book. 
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Fundamentals 


Although this book is focused on helping you master Autodesk® Revit® Architecture software, we 
recognize that not everyone will know how to find every tool or have a complete understanding of 
the workflow. The chapters in Part 1 will help you build a foundation of essential knowledge and 
may even give the veteran Revit user some additional insight into the basic tools and concepts of 
building information modeling (BIM). 


+ 
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Chapter 1: Introduction: The Basics of BIM 

Chapter 2: Applying the Principles of the User Interface and Project 
Organization 

Chapter 3: The Basics of the Toolbox 

Chapter 4: Configuring Templates and Standards 





Introduction: The Basics of BIM 


In this chapter, we cover principles of a successful building information modeling (BIM) 
approach within your office environment and summarize some of the many tactics possible 
using BIM in today’s design workflow. We explain the fundamental characteristics of 
maximizing your investment in BIM and moving beyond documentation with an information- 
rich model. 


In this chapter, you'll learn to: 
@ Understand a BIM workflow 
@ Leverage BIM processes 


@ Focus your investment in BIM 


What Is Revit? 


Autodesk® Revit® software is a BIM application that uses a parametric 3D model to generate 
plans, sections, elevations, perspectives, details, and schedules—all of the necessary 
instruments to document the design of a building. Drawings created using Revit are not a 
collection of 2D lines and shapes that are interpreted to represent a building; they are live views 
extracted from what is essentially a virtual building model. This model consists of a compilation 
of intelligent components that contain not only physical attributes but also functional behavior 
familiar in architectural design, engineering, and construction. 

Elements in Revit are managed and manipulated through a hierarchy of parameters 
that we will discuss in greater detail throughout this book. These elements share a level of 
bidirectional associativity—if the elements are changed in one place within the model, those 
changes are visible in all the other views. If you move a door in a plan, that door is moved in 
all of the elevations, sections, perspectives, and so on in which it is visible. In addition, all of 
the properties and information about each element are stored within the elements themselves, 
which means that most annotation is merely applied to any view and is transient in nature. 
When contrasted with traditional CAD tools that store element information only in the 
annotation, Revit gives you the opportunity to more easily extract, report, and organize your 
project data for collaboration with others. 

Before we get started with a detailed examination of Revit, let’s take a step back and develop 
a better understanding of the larger concepts of building information modeling and how they 
will affect your practice of architecture. 
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INTRODUCTION: THE BASICS OF BIM 


Understanding a BIM Workflow 


According to the National Institute of Building Sciences (ww. nibs .org), a BIM is defined as “a 
digital representation of physical and functional characteristics of a facility” that serves as a “shared 
knowledge resource for information about a facility forming a reliable basis for decisions during its 
life cycle from inception onward.” Although this is the definition of the noun used to represent the 
electronic data, the verb form of building information modeling is equally important. BIM is both a 
tool and a process, and one cannot realistically exist without the other. This book will help you to 
learn one BIM tool—Revit Architecture—but it will also teach you about the BIM process. 

Building information modeling implies an increased attention to more informed design 
and enhanced collaboration. Simply installing an application like Revit and using it to replicate 
your current processes will yield limited success. In fact, it may even be more cumbersome than 
using traditional CAD tools. 

Regardless of the design and production workflow you have established in the past, moving 
to BIM is going to be a change. To begin, we’ll cover some of the core differences between a 
CAD-based system and a BIM-based one. 

Moving to BIM is a shift in how designers and contractors approach the design and 
documentation process throughout the entire life cycle of the project, from concept to 
occupancy. In a traditional CAD-based workflow, represented in Figure 1.1, each view is 
drawn separately with no inherent relationship between drawings. In this type of production 
environment, the team creates plans, sections, elevations, schedules, and perspectives and must 
coordinate any changes between files manually. 
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In a BIM-based workflow, the team creates a 3D parametric model and uses this model to 
generate the drawings necessary for documentation. Plans, sections, elevations, schedules, 
and perspectives are all by-products of creating a building information model, as shown in 
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Figure 1.2. This enhanced representation methodology not only allows for highly coordinated 
documentation but also provides the basic model geometry necessary for analysis, such as 
daylighting studies, energy usage simulation, material takeoffs, and so on. 
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Leveraging BIM Processes 


As architects or designers, we have accepted the challenge of changing our methodology to adapt 
to the nuances of documentation through modeling rather than drafting. We are now confronted 
with identifying the next step. Some firms look to create even better documents, whereas others 
are leveraging BIM in building analysis and simulation. As we continue to be successful in 
visualization and documentation, industry leaders are looking to push BIM to the next level. Many 
of these possibilities represent new workflows and potential changes in our culture or habits, which 
require you to ask a critical question: What kind of firm do you want, and how do you plan to use BIM? 
As the technology behind BIM continues to grow, so does the potential. A host of things are 
now possible using a building information model; in fact, that list continues to expand year after 
year. Figure 1.3 shows some of the potential opportunities. 
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We encourage you to explore ongoing research being conducted at Penn State University 
(http: //bim.psu.edu), where students and faculty have developed a catalog of BIM uses and 
project implementation guidelines that have been adopted into the National BIM Standard- 
United States, version 2 (http://nationalbimstandard.org). Another important aspect of 
supporting numerous BIM uses is the development of open standards. The organization known 
as buildingSMART International (www.buildingsmart.org) provides a global platform for 
the development of such standards. Groups from a number of regional chapters around the 
world are generating information exchange standards that will soon have a profound impact 
on the ways in which we share model data with our clients and partners. Some of the latest 
developments are: 


IFC (Industry Foundation Classes) version 4 
COBie—Construction-Operations Building Information Exchange 
SPie—Specifiers’ Properties Information Exchange 


BCF—BIM Collaboration Format 


© ©% è% 


UK-based BIM Task Group (www.bimtaskgroup.org) 


For a general overview of the approach to standardizing exchanges with information 
delivery manuals (IDMs) and model view definitions (MVDs), visit www. buildingsmart- 
tech.org/speci fications. 

When moving to the next step with BIM—be that better documentation, sustainable analysis, 
or facility management—you should look at your priorities through three different lenses: 


@ Visualize 
@ Analyze 
@ Strategize 


Understanding these areas, specifically how they overlap within your firm, will help you 
define your implementation strategy for BIM tools and processes. 


Visualizing 
Creating documentation using BIM gives you the added advantage of being able to visualize the 
project in 3D. Although this was initially conceived as one of the “low-hanging fruits” of a BIM 
workflow, this benefit has led to an explosion of 3D graphics—perspectives, wire frames, cloud 
renderings, and animations—within the industry as a means to communicate design between 
stakeholders on a project. 

This digital creation of the project has given us a variety of tools to communicate aspects 
of the project. It becomes “architecture in miniature,” and we can take the model and create a 
seemingly unlimited number of interior and exterior visualizations. The same model may be 
imported into a gaming engine for an interactive virtual experience. Clients no longer need to 
rely on the designer’s pre-established paths in a fly-through—they can virtually “walk” through 
the building at their own pace, exploring an endless variety of directions. The same model can 
then be turned into a physical manifestation either in part or in whole by the use of 3D printers 
(known as rapid prototyping), creating small models (Figure 1.4) in a fraction of the time it 
would take to build one by hand. Many types of visualization are currently possible with BIM. 
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FIGURE 1.4 

An example of rapid 
prototyping using 
BIM data 
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If we consider a complete spectrum of representations, from tabular data to 2D documentation 
and then to 3D visualization, tremendous opportunities exist to transform the notion of traditional 
design deliverables. Schedules give you instantaneous reports on component quantities and space 
usage, whereas plans, sections, and elevations afford you the flexibility to customize their display 
using the information embedded in the modeled elements. For example, the plan in Figure 1.5 
shows how color fills can be automatically applied to illustrate space usage by department. 
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Expanding 2D documentation to include 3D imagery also gives you the ability to clearly 

communicate the intent of more complex designs. It may even have a positive effect on 
construction by transcending possible language barriers with illustrative documentation 
rather than cryptic details and notations. Figure 1.6 shows a basic example of a drawing sheet 
composed of both 2D and 3D views generated directly from the project model. 
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The obvious benefit to creating a complete digital model of your building project is the 
ability to generate a wide variety of 3D images for presentation. These images are used to 
not only describe design intent but also to illustrate ideas about proportion, form, space, and 
functional relationships. The ease at which these kinds of views can be mass-produced makes 
the rendered perspective more of a commodity. In some instances, as shown in the left image of 
Figure 1.7, materiality may be removed to focus on the building form and element adjacencies. 
The same model is used again for a final photorealistic rendering, as shown in the right image 
of Figure 1.7. 

By adding materiality to the BIM elements, you can begin to explore the space in color and 
light, creating photorealistic renderings of portions of the building design. These highly literal 
images convey information about both intent and content of the design. Iterations at this level 
are limited only by processing power. The photorealism allows for an almost lifelike exploration 
of color and light qualities within a built space even to the extent of allowing analytic brightness 
calculations to reveal the exact levels of light within a space. 


LEVERAGING BIM PROCESSES | 9 


FIGURE 1.7 
Two different 
methods of using 3D 
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The next logical step is taking these elements and adding the element of time. In 
Figure 1.8, you can see a still image taken from a phasing animation (commonly referred to 
as a 4D simulation) of a project. Not only do these simulations convey time and movement 
through space, but they also have the ability to demonstrate how the building will react or 
perform under real lighting and atmospheric conditions. All of this fosters a more complete 
understanding of the constructability and performance of a project before it is realized. 
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BIM AS A SINGLE SOURCE MODEL 


In the early 2000s, if you wanted to create a rendering, a physical model, a daylighting model, 
an energy model, and an animation, you would have had to create five separate models and use 
five different pieces of software. There was no ability to reuse model geometry and data between 
model uses. One of the key uses of BIM is the opportunity to repurpose the model for a variety of 
visualizations. This not only allows you to not have to re-create geometry between uses, but also 
ensures youre using the most current information in each visualization because it all comes from 
the same source. As the capacity of cloud rendering and analysis grows, the feedback will no longer 
need to process locally and you'll be able to receive feedback faster. 
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Analyzing 

As with visualization, the authoring environment of a BIM platform isn’t necessarily the most 
efficient one on which to perform analysis. Although you can create some rendering and 
animations within Revit, a host of other applications are specifically designed to capitalize on 

a computer’s RAM and processing power to minimize the time it takes to create such media. 
Analysis is much the same way—although some basic analysis is possible using Revit, other 
applications are much more robust and can create more accurate results. The real value in BIM 
beyond design documentation is the interoperability of model geometry and metadata between 
applications. Consider energy modeling as an example. In Figure 1.9, we’re comparing three 
energy-modeling applications: A, B, and C. In the figure, the darkest blue bar reflects the time it 
takes to either import model geometry into the analysis package or redraw the design with the 
analysis package. The lighter blue bar reflects the amount of time needed to add data not within 
Revit, such as loads, zoning, and so on. The lightest bar represents the time it takes to perform 
the analysis once all the information is in place. 


FIGURE 1.9 BIM Environmental Analysis Time Comparison 
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In A and B, we modeled the project in Revit but were unable to use the model geometry in 
the analysis package. This caused the re-creation of the design within the analysis tool and also 
required time to coordinate and maintain the design and its iterations between the two models. 
In application C, you can see we were able to import Revit model geometry directly into the 
analysis package, saving nearly 50 percent of the time needed to create and run the full analysis. 
Using this workflow, you can bring analysis to more projects, perform more iterations, or do the 
analysis in half the time. 

The same workflow is true for daylighting (Figure 1.10) and other types of building 
performance analysis. With the ability to repurpose the Revit model geometry, we are able to 
move away from anecdotal or prescriptive design solutions and begin to rely on calculated 
results. Using Revit also ensures consistency because the model is the sole source for design 
geometry. 

Building analysis can reach beyond just the design phase and into the whole building 
life cycle. Once the building has been constructed, the use of BIM doesn’t need to end. More 
advanced facilities management systems support tracking—and thereby trending—building 
use over time. By trending building use, you can begin to predict usage patterns and help 
anticipate future uses such as energy consumption or future expansion. This strategy can help 
you become more proactive with maintenance and equipment replacement because you will be 
able to “see” how equipment performance begins to degrade over time. Trending will also aid 
you in providing a more comfortable environment for building occupants by understanding 
historic use patterns and allowing you to keep the building tuned for optimized energy 
performance. 
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FIGURE 1.10 
Daylighting overlay 
from Autodesk® 3ds 
Max® Design software 





Strategizing 

To maximize your investment in a BIM-based workflow, it’s necessary to apply a bit of planning. 
As in design, a well-planned and flexible implementation is paramount to a project’s success. By 
identifying goals on a project early on in the process, it allows BIM to be implemented efficiently 
to reach those objectives. An effective strategy answers three key questions about a project: 


@ What processes do we need to employ to achieve our project goals? 
@ Whoare the key team members to implement those processes? 
@ How will we support the people and processes with technology or applications? 


Ask these questions of your firm as a whole so you can collectively work toward expertise 
in a given area, be that sustainable design or construction or something else. Ask the same 
questions of an individual project as well so you can begin building the model in early stages 
for potential downstream uses. In both cases (firm-wide or project-based), processes will need to 
change to meet the goals you've established. Modeling techniques and workflows will need to be 
established. Analysis-based BIM requires different constraints and requirements than a model 
used for documentation or clash detection. If you’re taking the model into facilities management, 
you'll need to add a lot of metadata about equipment but at a lower level of detail than if you 
were performing daylighting studies. Applying a new level of model integrity during a design 
phase can be a frustrating and time-consuming endeavor. Regardless of the goal, setting and 
understanding those goals early on in the project process is a prerequisite for success. 


Focusing Your Investment in BIM 


One of the common assumptions is that larger firms have a better opportunity than smaller 
firms in their capacity to take on new technologies or innovate. Although larger firms might 
have a broader pool of resources, much of the investment is proportionally the same. We have 
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been fortunate enough to help a number of firms implement Revit over the years, and each 
has looked to focus on different capabilities of the software that best express their individual 
direction. Although these firms have varied in size and individual desire to take on risk, 
their investments have all been relatively equal. From big firms to small, the investment ratio 
consistently equates to about 1 percent of the size of the firm. If you consider a 1,000-person 
firm, that equals about 10 full-time people; however, scale that down to a 10-person firm, and 
that becomes 1 person’s time for five weeks. 

The key to optimizing this 1-percent investment is focusing your firm’s energy and resources 
on the most appropriate implementation objectives. 

Identifying the importance of visualization, analysis, and strategy to your process will help 
guide you in selecting areas of implementation within your own practice. If your investment 
(regardless of scale) is focused and well planned, it will yield strong results. When choosing 
areas of implementation or how much focus to give to these areas, there are no wrong answers. 
Just choose a path that reflects the comfort level of your firm while maintaining focus on 
achieving success. 

We elaborate on most of these topics throughout the remainder of this book. Using 
real-world examples, we illustrate a variety of techniques to visualize, analyze, and strategize 
using Revit. 


Staffing for BIM 


As you rethink the process of design and documentation, one of the fundamental changes 

you will need to address is staffing. A common misconception of project management when 
teams are first moving from CAD to BIM is that staffing the project will be the same in both 
workflows. This couldn't be further from the truth because when the workflow changes, staffing 
allocations, the time to complete tasks, and the percentage of work by phase are all affected as a 
result of the changes. 

Several years ago, Patrick MacLeamy, FAIA, set out to illustrate the fundamental benefit to 
more informed design that happened to be a by-product of building information modeling. 

The graph, which has come to be known as the MacLeamy Curve (Figure 1.11), is not intended 
to imply a simple shift in labor earlier in the design process; rather, it stresses the importance 
of being able to make higher-value decisions before it becomes too difficult to make changes 
to a design. The x-axis of the chart represents project phases from conceptual design through 
occupancy, whereas the y-axis represents the amount of effort in each phase. 

Another way to think about this shift is as a diagram of leverage, as shown in Figure 1.12. 
Implementing BIM in earlier phases of a project gives you the greatest opportunity to add 
value to the overall compilation of building information delivered for a facility. When you 
begin BIM earlier, you may need to increase staff to build a better model or to perform energy 
analysis or preliminary quantity takeoffs; however, using a better tool like Revit software will 
not necessarily translate to the same labor used in a CAD-based project. You will find how this 
affects your team effort after a few BIM projects. 


Understanding Project Roles 


With such a significant change in the effort behind a BIM-based project workflow, it’s also 
important to understand how this change affects the various roles and responsibilities for the 
project team. Project managers need to be able to predict staffing and time to complete tasks 
throughout the project phases and have relied on past precedent of staff and project types 
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to do this. Because a BIM-based project can significantly alter the project workflow, many of 
the historic timetables for task completion are no longer valid. However, a BIM-based project 
can be broken down into a few primary roles that will allow you some level of predictability 
throughout the various project phases. Although the specific effort and staffing will vary 
between offices (and even projects), there are some general roles that will need to be accounted 


for on every project. 
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Here are three primary roles that should be considered on every BIM project: 


Architect Generates design intent and coordinates issues such as material, code 
compliance, wall type, spatial program, and so on. 


Modeler Creates 2D or 3D content that directly represents the design intent. 
Drafter Works with annotations, sheet layout, view creation, and detail creation. 


These roles represent efforts and general tasks that you need to take into account on any 
Revit project. On a large project, these roles could also represent individual people, whereas on 
a smaller project they might be all the same person fulfilling multiple roles. We’ll now explore 
each of these in more detail and discuss how these roles affect the project workflow. 


DESCRIBING THE ROLE OF THE ARCHITECT 


The role of the architect is to generate the design intent and manage the technical issues 

of the project. As the model is being created, you will naturally have to solve issues like 
constructability and wall types and managing the program of spatial and equipment 
requirements, as well as other issues involving code compliance and client relationships. This 
role will be the one applying standards to the project (as in wall types, keynotes, and so on) and 
organizing the document set. This role will need to be present on the project from the beginning 
to ensure consistency of the virtual building creation and isn’t necessarily limited to only one 
person. This role also might or might not be a “designer.” Although it is possible to do early 
design in Revit software, many project teams prefer to use other tools such as SketchUp or even 
a pencil and tracing paper. The job of the architect is steering the creation of the building within 
the Revit environment. This role includes the following tasks: 


@ Leading the creation of architectural elements and building from within the model 
@ Designing around code requirements and other building logistics 


@ Constructability and detailing aspects of the design 


DESCRIBING THE ROLE OF THE MODELER 


The role of the modeler—in some firms referred to as the BIM coordinator—is to create and 
manage the 3D families and detail components needed in the project, which include all the 
parametric families for things such as windows, doors, casework, wall types, stairs, railings, 
furnishings, and so on. Typically, this role is the responsibility of less-experienced staff who 
might not be able to fulfill the role of architect. This role tends to have longer periods of 
undisturbed time, making it better suited to deal with some of the longer, more involved tasks 
in modeling content. Finally, it also tends to have some familiarity with modeling applications 
from academia or prior work experience. The modeler might not have worked with Revit 
software directly but possibly with 3ds Max software or Rhino. This role includes the following 
tasks: 


@ Creating model content and families 
@ Creating drafting components 


@ Managing system families within the project 
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DESCRIBING THE ROLE OF THE DRAFTER 


The role of the drafter is to create sheets and embellish associated views with annotations or 
other 2D content. The drafter is responsible for the bulk of the work needed to document the 
project. In earlier stages of the project, this role is typically assumed by either the architect or the 
modeler, but as documentation progresses into later phases of design, this can quickly become 
the role of multiple people on a larger project. This role includes the following tasks: 


Keynoting 
@ Dimensioning 
@ Creating sheets and configuring views 
@ Creating schedules 


Establishing a BIM Execution Plan 


To optimize your results with BIM, it’s important to start with the end in mind. Although a lot 
of tasks are possible with a BIM model before you draw your first wall, you will want to create 
a BIM execution plan. We go into more detail about creating these plans and some resources 
for them in Chapter 6, “Working with Consultants,” but essentially a BIM plan helps to drive 
the direction of the modeling effort and modeling outcomes. Will your project need to add 
parameters for energy modeling? Daylighting? Does the owner have expectations for a model 
deliverable? How much does everyone model without being too much? All of those possibilities 
and more are explored and documented in a BIM execution plan. It gives the project team a 
definitive outcome to model toward. 

The BIM plan will also help address which team members you'll need at which phases of 
the design. For instance, at the inception of a project design, a modeling role will be of the best 
use. This person can help create building form, add conceptual content, and get the massing for 
the building established. If you're using the conceptual modeling tools (covered in Chapter 8, 
“Advanced Modeling and Massing”), the modeler can even do some early sustainable design 
calculations (covered in Chapter 9, “Conceptual Design and Design Analysis”). 

Once the project begins to take a more established form and you complete conceptual design, 
you'll need an architect role to step into the project. As in a typical project, you'll have to mold 
the form into a building by applying materials, applying wall types, and validating spatial 
requirements and the owner’s program. 

During schematic design, you'll need to include the role of the drafter to begin laying out 
sheets and creating views. These sheets and views don’t have to be for a construction document 
set as of yet, but you'll need to establish views for any schematic design submittals. If these 
views are set up properly, they can be reused later for design development and construction 
document submittals as the model continues to gain a greater level of detail. 

You should avoid adding staff to your project during the construction documentation phase. 
In a BIM/Revit workflow, this can sometimes cause more problems than it solves and slow 
down the team rather than get work done faster. 

Another proven technique of managing larger Revit projects is to assign work according to 
elements of the building rather than by drawing a series. For example, one person would be 
responsible for building enclosures and another for structure, interior partitions, furniture, 
vertical circulation, and so on. This strategy encourages each team member to develop their 
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portion of the design more collaboratively because the modeling for each component must be 
coordinated with the surrounding systems. 

Even though your team won't be assigned work through a series of sheets, each person 
should be tasked with overseeing each sheet series. The annotation related to each building 
system is the responsibility of the respectively assigned team member, but someone else will be 
responsible for reviewing each series of sheets to ensure that they are appropriately maintained 
for presentation or distribution. On smaller projects, the project architect would likely be the 
person supervising the entire sheet set. 

This dual responsibility is an important aspect of team management that will keep your BIM 
projects on track. Spending the majority of time working in the model and thus neglecting the 
preparation of properly annotated sheet views becomes very alluring. 


ADDING TEAM MEMBERS TO FIGHT FIRES 


In many projects, there might come a time when the schedule gets tight and project 
management wants to add more staff to meet a specific deadline. When in a 2D CAD 
environment, new team members would be added to help meet a deadline and would have the 
burden of trying to learn the architecture of the building, the thoughts behind its design, and 
how its various systems interact. In a Revit project, they have that same obligation, but they 
have the additional task of learning how the model has been configured. The model will have 
constraints set against various elements (such as locking a corridor width) and various digital 
construction issues (such as how floors and walls might be tied together, what the various 
family names are, or workset organization). New team members require additional time to 
“ramp up.” 

Regardless of planning, deadlines still escape the best of architects and project managers. 
It’s a good idea to know when and how you can “staff up” to be sure to meet those deadlines. 
Keeping in mind that your team members new to the project have to learn about both the design 
and the model, here are some task ideas to both help production and make sure they don’t 
accidentally break anything: 


Content Creation You will find that you will be making model families or detail 
components until the end of the project. This will help get the new team members engaged 
in a specific part of the project and also isolate them enough until they learn a bit more about 
how the model has been configured. 


The Drafting Role Even if this isn’t their ultimate role, having new team members help 
create views and lay out sheets will get them familiar with the architecture while still 
allowing the team to keep progressing on the document set. 


Working on Detailing Every project can always use someone who knows how to put a 
building together. If you have someone new to the project and possibly even new to Revit 
software, let that individual embellish some of the views already created and laid out on 
sheets with 2D components, linework, and annotations. 
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The Bottom Line 


Understand a BIM workflow. Understand how projects are completed in BIM and how the 
use of Revit software on a project can change how information within a project is created. 


Master It Explain one of the primary differences between a more traditional 2D CAD- 
based workflow and producing documents using Revit. 


Leverage BIM processes. Understanding the level of risk your firm is willing to take in 
new technologies will help you establish goals for your future use of BIM. 


Master It Using the three areas of firm integration (visualization, analysis, and 
strategy), define how those areas overlap for your firm or project. 


Focus your investment in BIM. Since using Revit software is a change in workflow, it is 
also important to understand the change in staffing and who is needed to perform what roles 
on a project. 


Master It What are the three primary roles in a Revit project, and what are the 
responsibilities of those roles? 
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Applying the Principles of the User 
Interface and Project Organization 


After more than a decade in the architecture, engineering, and construction (AEC) industry, 
Autodesk® Revit® software continues to be unique in its combination of powerful features and 
ease of use. Revit may not be the absolute best tool to design and document every imaginable 
building type, but its features and functions make the vast majority of production tasks much 
more efficient and accurate. 


Revit is a completely bidirectional, multiuser working environment, so if you compare its 
functionality to other 2D computer-aided drafting (CAD) or 3D BIM tools, stop now. Instead 
of layers and vectors, you will be using terms such as projects, components, and parameters 
along with tools like Wall, Door, and Floor. The concepts and terminology should seem familiar 
if you have experience in the building industry; however, it can be a daunting task to learn 
a completely new software application. This chapter provides an overview of the Revit user 
interface (UI) as well as the key aspects of data organization within a project. 

In this chapter, you'll learn to: 


@ Understand the user interface 


@ Understand project organization 


Understanding the User Interface 


The UI is based on the Windows ribbon framework that is also found in software applications 
such as Microsoft Office. Within Revit, you will find many commands and tools that use similar 
dialog boxes and workflows. For example, you won't find disparate dialog boxes for door 
properties versus window properties. Persistence of tool location is another key to increased 
usability. Even though tools remain contextually exposed or hidden, the majority of them can be 
found in the same place relative to the overall UI. 

You have the ability to access all three disciplines of the Revit software suite—Architecture, 
Structure, and MEP—provided you have licenses to use each. This functionality is addressed in 
the “Getting to Know the Ribbon” section of this chapter. 

Figure 2.1 shows the Autodesk® Revit® Architecture 2016 UI. To illustrate some different 
project views, we've tiled four view types: plan, elevation, 3D, and sheet. In the following 
sections of this chapter, we will review the major components of the UI. 
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FIGURE 2.1 
The Revit Architecture 
2016 UI 
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Accessing and Using the Application Menu 


Click the big R in the upper-left corner of the UI to open the Application menu and then access 
commonly used commands such as New, Open, Save, Print, and so on. You can also export 
your project to a number of 2D and 3D formats from this menu. This menu is also where you 
manage licensing information. The Publish option lets you upload exported formats (DWF, 
DWG, DXF, DGN, and SAT) to Autodesk® Buzzsaw® to share project documents with your team. 
Use the Close command to quickly close a project or family without closing every open view. 
When accessing some of the flyout commands in the Application menu, be aware that there may 
be additional commands or options on the flyout that are hidden. This is most evident on the 
Export command flyout, in which you must scroll to the bottom of the flyout to access exporting 
options for IFC (Industry Foundation Classes) and others. 


Using the Quick Access Toolbar 


The Quick Access toolbar (QAT) allows you to keep frequently used tools at your fingertips. 
Some commonly used commands are included by default in the QAT, but you can customize it 
to meet your own needs. 

Right-click any button in one of the ribbon tabs, and you will find the command Add To 
Quick Access Toolbar. By clicking the small, down-facing arrow to the far right of the QAT, 
you'll find that tools may be further customized, grouped, or removed from the toolbar 
(Figure 2.2). By default, the QAT bar is above the ribbon, but you also have the option to show 
the QAT below the ribbon. 
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FIGURE 2.2 
Customizing the QAT 
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Using the InfoCenter 
To the far right of the QAT is the InfoCenter (Figure 2.3). 


FIGURE 2.3 
The InfoCenter 
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From left to right, you have the ability to search for help solutions, access the Subscription 
Center, open the Communication Center, show Favorites (saved articles and solutions from the 
Communication Center), sign in to other Autodesk services (such as cloud rendering), launch the 
Autodesk Exchange for Revit (Exchange Apps), and open the help content. 


Getting to Know the Ribbon 

The ribbon is the primary location for accessing the commands and tools you will use in a 
project (Figure 2.4). You can launch commands and tools using the ribbon, or you can create 
customized keyboard shortcuts as an alternative. Refer to Chapter 3, “The Basics of the Toolbox,” 
for more information on keyboard shortcuts. Throughout this book, we will refer to the ribbon 
frequently, so you should be familiar with its basic parts: tabs and panels. 
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The organization and size of the icons within each panel on the ribbon will change slightly as 
you scale the size of your application window. As the application window gets smaller, the icons 
will decrease in size and will sometimes stack, or the descriptions will be hidden. 


FIGURE 2.4 oe z 
The ribbon ibe AbG-a:-7- 


| Architecture || 


r/o gs 


Modify) Wall Door Window 


| 
N 
| (Z Select links 

i ¥ Select underlay elements 
| @ Select pinned elements 

| Select elements by face 


| Drag elements on selection 
H Select 





TOURING THE TABS 





Sr ZY OA GB OE Go - ¥ 


sf y LA Roof + E Curtain System 
Ceili Curtain Grid 
Component Column f Ceiling [E Curtain Gri 


’ (— Floor ~ BR 


Build 


Tool or 
command 


Expanded panel 


Tabs are the highest level of organization and are used to select from among the various groups 
of functionality. There are up to 11 tabs along the top of the ribbon. We’ll take a moment to 


briefly describe them: 


Architecture, Structure, or Systems If you install Revit Architecture you will only have 
access to the Architecture and Structure tabs in the ribbon. If you install Revit with one of 
the Autodesk Building Design suites, you will have access to the tools for all three design 
disciplines, and you can control the visibility of these tabs (Architecture, Structure, and 
Systems) from the Options dialog box (accessed from the Application menu), as shown in 
Figure 2.5. These tabs contain tools you will use to create or place content specific to each 


design discipline. 


Insert The Insert tab is used to link external files (2D, 3D, image, and other RVT files) as 
well as search for external content via Autodesk® Seek. To insert content from family files, 
you can use the Load Family command from this tab; however, this same command is 
available with most modeling commands in the contextual tab of the ribbon. Learn more 
about linking Revit files in Chapter 6, “Working with Consultants,” and using other file 
formats in Chapter 7, “Interoperability: Working Multiplatform.” 
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FIGURE 2.5 
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Annotate The Annotate tab contains many of the tools necessary to annotate, tag, 
dimension, or otherwise graphically document your project. Learn more about these tools in 
Chapter 16, “Detailing Your Design,” and Chapter 18, “Annotating Your Design.” 


Analyze The Analyze tab contains the tools necessary to modify energy analysis settings 
and to run an energy simulation via Green Building Studio® This feature requires an 
Autodesk Subscription account to access the online analysis engine. Learn more about 
conceptual energy analysis in Chapter 9, “Conceptual Design and Design Analysis.” 


Massing & Site The Massing & Site tab contains the tools necessary to add massing- and 
site-related elements such as toposurfaces and property lines. Learn more about modeling 
site context in Chapter 3, “The Basics of the Toolbox,” and conceptual design massing in 
Chapter 9. 


Collaborate The Collaborate tab contains the tools that you'll use to coordinate and 
manage the project within your own team as well as across other teams and their linked files. 
Learn more about worksharing in Chapter 5, “Working in a Team,” and interdisciplinary 
coordination in Chapter 6. 
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Certification 
Objective 


View The View tab contains the tools that you'll use to create all your project views, 2D 
and 3D, as well as schedules, legends, and sheets. You can also modify your UI from this tab, 
including your keyboard shortcuts. Learn more about creating multiple project views and 
sheets in Chapter 17, “Documenting Your Design.” 


Manage The Manage tab contains tools to access all your project standards and other 
settings. You will also find the Design Options and Phasing tools on this tab. Additional 
tools such as Review Warnings and Select By ID are found in the Manage tab and will help 
keep your project running smoothly. 


One of the most important settings that you'll use during your project is Object Styles on 
the Manage tab. Selecting this option will allow you to manage the global visibility settings 
for just about everything in your project: how it projects, how it cuts, and its associated color 
and pen weight. Learn more about this and other project settings in Chapter 4, “Configuring 
Templates and Standards.” 


Modify The Modify tab contains the tools used to manipulate the content that you're 
creating in your project. You'll find tools like Cut, Join, Move, Copy, and Rotate, among many 
others. Learn more about common editing tools in Chapter 3. 


Contextual Tabs Contextual tabs are revealed when specific elements are selected or 
element creation commands are launched. For example, the Modify | Walls contextual tab 
(Figure 2.6) is displayed when a wall is selected. These unique tabs are usually colored green 
to help you distinguish them from other static tabs in the ribbon. 
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A simple, yet important, setting that may be exposed on the contextual tab when placing 
model content is Tag On Placement. Modeling commands like Door, Window, and Component 
allow you to enable automatic tagging to reduce overall documentation time. If you are 
working in an early design phase, you may wish to disable the Tag On Placement setting. 


PLACING PANELS 


Within each tab in the ribbon are groups of tools and commands referred to as panels. If you 
want to make any panel consistently available, you can pull it out of its tab and arrange it 
anywhere on your computer screen. To relocate a panel, drag the panel out of the ribbon using 
your mouse pointer on the panel title bar (Figure 2.7). The panel will snap to alignment with 
other panels you have previously dragged from the ribbon if you hover over other floating 
panels while dragging. 

To return a panel to the ribbon, hover the mouse pointer over a floating panel and the panel’s 
border will appear. Click the arrow in the upper portion of the gray bar at the right of the 
floating panel. 
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FIGURE 2.7 
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On some panels, you will find special features that can be accessed from the panel’s title bar. 
An example of these features can be seen in the Annotate tab of the ribbon. In Figure 2.8, the 
small arrow on the Text panel is known as a dialog launcher and will open the Type Properties 
dialog box for Text (not shown in the figure). Clicking the down arrow on the Tag panel exposes 
an expanded panel that displays the Loaded Tags and Symbols command. 





FIGURE 2.8 
Special panel features 
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certification Using Other Aspects of the UI 
Objecti 
ne Now that we’ve covered the fundamental elements contained in the ribbon, let’s look at other 
important aspects of the UI. 


OPTIONS BAR 


The Options bar is located directly below the ribbon and is a contextually sensitive area that 
gives you feedback as you create and modify content. In Figure 2.9, you see the options available 
below the ribbon when the Wall tool is active. You can also use the Options bar when an object 
already placed in a project or family is selected. 
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An especially important and frequently used option is included with any annotation 
symbol—the ability to include or exclude a leader. This will help you place tags in the clearest 
location within your documentation while maintaining a parametric relationship to the 
associated model element. Look for this option when you use the Tag By Category command 
from the Annotate tab in the ribbon. 


PROPERTIES PALETTE, PROJECT BROWSER 


The Properties palette contains the instance parameters of whatever you're currently working 
on. In this palette, you will find the Type Selector, a selection filter, and the Edit Type button 
(Figure 2.10). You'll learn more about filtering selected objects in Chapter 3, as well as much 
more about parameters in Chapter 14, “Designing with the Family Editor.” 


FIGURE 2.10 
Properties palette 
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Certificátion The Project Browser (Figure 2.11) is a hierarchical listing of all the views, legends, schedules, 
Objective sheets, families, groups, and links in your project. You can expand and collapse the project tree 
by selecting the + and — icons. 


FIGURE 2.11 
Project Browser 
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You can search for elements by right-clicking on any item in the Project Browser and 
selecting Search from the context menu. The simple search function will highlight any view, 
sheet, family, or type with the matching text in its name. 

The Project Browser can also be filtered and grouped into folders based on a number of user- 
defined parameters (see Figure 2.12). To access the Browser Organization Properties dialog box, 
right-click the Views portion at the top of the palette. You can also access this tool in the View 
tab under the User Interface flyout button. Learn more about Project Browser customization in 
Chapter 4. 

The Properties palette and Project Browser can be undocked from the main UI and can also 
be placed on a secondary monitor simply by dragging or double-clicking the top border of either 
palette. You can also drag these UI elements onto each other to use them in a unified tabbed 
or stacked palette, as shown in Figure 2.13. Dragging one palette onto the top border of the 
other will create a tabbed palette, whereas dragging it just below the top border will result in a 
stacked palette. 
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FIGURE 2.12 
Browser Organization 
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STATUS BAR 


The status bar at the bottom of the UI provides useful information about selected objects and 
active tools. When you start a tool, the status bar will display prompts about the next step 
required of the tool. For example, select an object and start the Rotate command; the status bar 
will read “Click to enter rotate start ray or drag or click the rotation center control.” It is also 
useful when you are using the Tab key to toggle between object snap points or when selecting 
chains of elements. 

Toward the middle of the status bar, you will find toolbars for worksets and design options. 
At the far right end, you will see a filter icon next to a number. When you select objects in a view 
window, the number of selected objects will be displayed here. Click the Filter icon to open the 
Filter dialog box and refine the selection set. The five icons next to the Filter icon determine 
which objects in your model are eligible for selection. We will discuss selecting elements in 
greater detail in Chapter 3. 


DRAWING AREA 


The drawing area is the window into your design space. As shown previously in Figure 2.1, you 
can tile several views from any number of open files or you can maximize the view windows. 
When the view windows in the drawing area are maximized, press Ctrl+Tab on the keyboard to 
cycle through the open views. To reverse the cycling, press Ctrl+Shift+Tab. 

If you decide to use tiled views when you work in Revit, you should be aware of a subtle 
limitation. You'll be able to zoom into only the extents that are defined by the drawing area. 
If you want to get around this limitation, here’s a helpful tip: Create a new sheet, but then 
delete the sheet border. This is your “working” space for any view of the project. Now you can 
create duplicate views of any of your project views and assemble them in this working space 
(Figure 2.14). Zooming in and out is much more fluid, and you're not limited to the extents of 
one drawing area. You can create a keyboard shortcut to activate and deactivate views, which is 
helpful as well. 
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VIEW CONTROL BAR 


The view control bar is at the bottom of every view and changes slightly depending on the type 
of view (Figure 2.15). For example, sheet views have only four buttons and perspective views 
don’t have a scale option. In Figure 2.15, we have tiled three view windows to illustrate some of 
the differences in the view control bar. From top to bottom, you can see a drafting view, a plan 
view, and a 3D view. 


FIGURE 2.15 
View control bar 
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Some of the buttons in the view control bar are just shortcuts to view parameters that are 
also available from the Properties palette. Scale, Detail Level, Crop View, and Show/Hide Crop 
Region are found in both the view control bar and the Properties palette. The Visual Style 
button allows you to select from a short list of graphic display modes that can be customized in 
detail with the Graphic Display Options in the Properties palette. 

Other buttons in the view control bar are unique commands. One example is the Temporary 
Hide/Isolate command. When you select an object in a view window, use this button to select 
from various tools to hide or isolate either the selected objects or the entire category of objects. 
Temporary visibility states do not affect printing, and the view window will display with a 
turquoise border until the temporary visibility is reset. Next to the Hide/Isolate button is the 
Reveal Hidden Elements button. Use this tool to highlight any elements that are hidden in the 
current view, either temporarily or through other methods. 

The Worksharing Display button is available only on projects where worksharing is enabled. 
Worksharing Display can be enabled and configured in any view to illustrate Owners, Checkout 
Status, Model Updates, and Worksets. Refer to Chapter 5 for a detailed explanation of these 
visibility features. 

The Show/Hide Analytical Model button allows you to quickly display analytical graphics 
that are commonly used by the Structural or MEP tools in Revit. Finally, the Reveal Constraints 
button temporarily displays all of the model-based constraints visible in the current view. This 
is useful for troubleshooting model elements that might not be behaving as expected. 


TEMPORARY VIEW PROPERTIES 


You may also temporarily modify view properties or apply a view template. When you click 
the Temporary View Properties icon in the view control bar, you will have a choice of Enable 
Temporary View Properties or Temporarily Apply Template Properties, as shown in Figure 2.16. 
Because these applied properties are only temporary, they will not affect printing and they will 
not be saved with the project. 
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If you select Temporarily Apply Template Properties, you can select from any view template 
established in your project. Once a view template is applied to the view with this tool, the view 
will be highlighted with a purple boundary, as shown in Figure 2.17. Refer to Chapter 4 for a 
detailed review of view templates. 
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Referring to Figure 2.16, you will notice that any recently applied view templates will appear 
in the Temporary View Properties menu. This allows for rapid application of templates to 
increase your productivity when manipulating views for various working scenarios. 

The other command selection is to Enable Temporary View Properties. This mode allows 
you to change any view properties manually. The result is the same as temporarily applying a 
view template, but you can tweak any setting to your needs. For example, you might want to 
temporarily hide all the furniture in a view. 

To remove the temporary settings, you can simply wait until you close the project file because 
the temporary settings are not saved. Otherwise, click the Temporary View Properties icon 
again and select Restore View Properties. 
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GRAPHIC DISPLAY OPTIONS 


The Graphic Display Options dialog box gives you access to some of the same settings you 

can select in the view control bar; however, more refinement options are available. From the 
Properties palette, click Edit in the Graphic Display Options property field, and explore the 
graphic settings you can customize for the current view (Figure 2.18). As an alternative, you can 
click the Visual Style icon (the small box) in the view control bar and choose Graphic Display 
Options from the pop-up menu. 


FIGURE 2.18 
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Many graphic options are available, including customized backgrounds, photographic 
exposure, and a transparency slider. Experiment with a variety of the settings to see which ones 
meet your presentation and documentation needs. You'll learn much more about graphic styles 
in Chapter 11, “Visualization.” 
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WORK PLANE VIEWER 


Most modeling tools and commands require an active work plane on which to place geometry. 
When you are working in a plan view, the work plane is usually set to the current level 
associated with the view. In a 3D, section, or elevation view, the definition of an active work 
plane may be a bit more confusing. In addition to levels, work planes can be defined as 
reference planes, a structural grid, or a surface of another object. To help you visualize an active 
work plane, a work plane viewer is available in Revit. 

The Viewer option is located on the Work Plane panel of the Architecture tab. This viewer 
is available from all model views when you're in the project environment. By default, the work 
plane is based on the active work plane of the last active view. But when you enter Sketch mode 
(for example, when you are creating a floor or a roof), the active work plane is that of the sketch 
(Figure 2.19). So even if the project window shows a 3D view, the viewer shows the plane of the 
sketch—and you can sketch directly in the work plane viewer! This is useful for working on 
sloped surfaces such as roofs. 


FIGURE 2.19 
Sketch mode with 
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Navigation Methods 


One of the challenges in any 3D modeling software is to create methods of navigation that 
are as intuitive as possible. If you have used more than one modeling application, such as 
Rhino or SketchUp or Digital Project, you will know that there is no standard 3D navigation 
functionality. Autodesk has created consistency across most of their industry-based 
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applications such as AutoCAD? 3ds Max; Navisworks,and Revit software. In addition to the 
consistency within the Autodesk applications, you have a variety of navigation methods to meet 
your personal preference, including the ViewCube® tool, the SteeringWheels® tool, and basic 
mouse controls. 


VIEWCUBE 


A 3D navigation tool known as the ViewCube is available in most Autodesk design software. 
This tool will appear by default in the upper-right corner of any 3D view. Click any face of the 
cube to orient the view to that face, or click a corner of the cube to orient to an axonometric 
angle. Press and hold the left mouse button while moving the mouse pointer over the ViewCube 
to orbit the view freely. Press and hold the left mouse button while hovering over the compass, 
and the view will rotate as if it were on a turntable. 

Hovering over the ViewCube with your mouse pointer reveals the Home option (the little 
house above the ViewCube) that you click to return to your home view. Right-clicking the 
ViewCube opens a menu that allows you to set, save, and orient your view (see Figure 2.20). 
Selecting Options from the context menu takes you directly to the ViewCube options in the 
Options dialog box, which you can also access from the Application menu. The ViewCube 
options allow you to customize the placement, transparency, and functional behavior of 
the tool. 
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bar. The SteeringWheels will follow your mouse pointer as you move about a view and will 
stop when the mouse movement slows, allowing you to hover the mouse pointer over one of 
the command areas on the wheel. As you hover the mouse pointer over a navigation command, 
press and hold the left mouse button while moving the mouse to activate the corresponding 
navigation method. This is easier to demonstrate than explain in text, so feel free to try the 
various modes of the SteeringWheels tool as you continue through this book. 

If you use a laptop or mobile workstation without the benefit of a mouse, the SteeringWheels 
tool can be a welcome substitute for traditional pointer-based navigation. The touchpads or 
pointing sticks on most laptops do a poor job of emulating the press-and-drag motions of a 
mouse along with simultaneous keyboard button combinations that drive native navigation in 
Revit. If you're struggling without a mouse connected to your laptop, try the SteeringWheels 
tool and you might thank us! 


NAVIGATION BAR 


Access to the most common navigating tools is also provided in the Navigation bar located at 
the right side of the drawing area. From here you can launch any of the SteeringWheels and all 
of the zoom commands from flyout buttons. 


NAVIGATING WITH THE MOUSE 


As with most modern design applications, the mouse can also be used to navigate in any 

view. You are not constrained to using the ViewCube, SteeringWheels, or Navigation bar. You 
might have already figured out that pressing the left mouse button selects objects and the right 
mouse button is used to access context menus. We discuss selection methods with greater 
detail in Chapter 3. For now, let’s review how you can use the mouse to navigate the views 

in Revit. 

To pan in any view, press and hold the wheel button on your mouse while moving it 
around your mouse pad. Hold the Shift key and use the wheel button on the mouse to orbit 
a 3D view. 

The mouse wheel can be used to zoom in and zoom out of any view, but the zooming may 
be somewhat choppy. Hold the Ctrl key and press the wheel button while moving the mouse 
forward to zoom out (pushing the model away) or backward to zoom in (pulling the model 
toward you). You will also notice that the views will zoom in and out with a focal point based 
on the location of the mouse pointer. 

In camera views, zooming works a bit differently. Scrolling the mouse wheel zooms in and 
out but includes the view’s crop region. To adjust the view within the crop region, only the 
SteeringWheels and the ViewCube can be used. 

In addition to a traditional mouse, you can use a 3D navigation device such as the Space 
Navigator from 3Dconnexion (www. 3dconnexion. com), as shown in Figure 2.21. A 3D mouse 
allows you to navigate in multiple directions simultaneously using joystick-like motions. 
Simply attach the device to your computer and install the 3Dconnexion software, and a 
3Dconnexion button will be displayed on the Navigation bar. The 3D mouse will automatically 
navigate in any 2D or 3D view, but the Navigation bar button allows you to toggle between 
modes. 
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FIGURE 2.21 
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Defining Project Organization 


If you have experience with 2D CAD software, you're likely familiar with many of the terms 
and concepts related to designing and documenting a project, but not all of them have exact 
equivalents in Revit software. You may be comfortable with thinking in terms of what needs 

to be drawn and coordinated: plans, sections, elevations, details, schedules, and so on. Such 
information is likely stored in a plethora of separate files that have to be linked together in order 
to reference other parts of a building design. For teams collaborating on design, you are also 
likely accustomed to allowing only one person in one file at a time. And finally, maintaining all 
your project settings and standards is a struggle across so many disconnected files. 

Working in the Revit environment affords you much more control and efficiency in 
managing the aforementioned issues. The four key components of a holistic and efficient design 
process are relationships, repetition, representations, and restrictions. These concepts are managed 
in Revit software as datum objects, content, views, and project management, respectively. They are 
managed from within a single, bidirectional database. 

Figure 2.22 shows what we like to think of as a Revit organizational chart, which gives you 
a visual description of these four top-level categories and what these categories contain. In the 
following sections, we’ll discuss each of these categories and describe its particular role in your 
Revit project environment. 


Introducing Datum Objects (Relationships) 


Data (plural) are sometimes referred to in Revit software as datum objects and consist of 
references, grids, and levels (Figure 2.23). Datum objects establish geometric behavior by 
controlling the location and extents of your content (the building, the stuff that goes in a 
building, and the stuff you need to document your building). 
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FIGURE 2.22 Revit Organizational Chart 
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FIGURE 2.23 
Datum objects 
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Reference planes can be created in any 2D view from the main ribbon tabs (Architecture, 
Structure, or Systems), but once created, they may not be visible in 3D. After you add reference 
planes to your project, they can be set and seen from the Work Plane panel. This will allow you 
to work with respect to the desired work plane. 

Grids are used to locate structural elements in your project. You are not required to include 
grids in your project, but they are quite useful in managing structural walls and columns. Like 
reference planes, grid lines can be added to any 2D view. Keep in mind that grids can only be 
perpendicular to levels. Furthermore, grids are only visible in views that are perpendicular to 
the grid. So if the grid is in a north-south orientation, you'll be able to see it only in plan and 
from the east-west orientation. 

Levels are datum objects that are parallel to the ground plane. They serve several purposes. 
First, they are the main method for placing and managing the elevation (or Z-location) of 
content. Virtually all content placed in a Revit model has a Level parameter. You can even move 
objects from one level to another simply by changing this property in the Properties palette. 
Levels also function as constraints for objects such as walls and columns. These objects have 
top and bottom constraints that can be set to levels so that they will automatically update if 
the levels are adjusted. Levels may be seen and created only in elevation and section views; 
therefore, you can’t create levels in plan, and they can’t be diagonal to the ground plane. 

Creating any datum is easy. Simply select the desired tool from the Architecture tab, and 
then pick two points to define the start and end locations. Despite their two-dimensional 
appearance, all datum objects have three-dimensional extents that help you manage 
their appearance throughout a project. You will explore this further in the section “Explaining 
3D and 2D Datum Extents” later in this chapter. 


CREATING AND DUPLICATING LEVELS 


In the previous section, we discussed the overall purpose of datum objects; however, there are 
special conditions related to the creation of levels. First, you should understand that a level does 
not always require an associated plan view. Levels that have plan views will have a blue graphic 
symbol at the end (double-click it to go to that view), whereas those that don’t will have a black 
graphic symbol. When you create a new level, you have the option to create a corresponding 
plan view by using the Make Plan View option from the Options bar. 
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Copying an existing level will not create the corresponding plan views. This is useful if you 
are working on a larger project, such as a high-rise, and you want to quickly configure multiple 
levels without creating them one at a time. You might also want to use levels just as a reference 
for content but not for a specific plan, such as for an intermediate landing or mezzanine. 

Although it is easy to create many levels by copying or arraying, only create the levels that are 
necessary to manage major parts of your project. You don’t need to create a level for every slab, 
stair, or floor offset. Too many levels can have a negative impact on your project’s performance. 

Let’s explore the creation and duplication of levels with an exercise. First, download and 
open the file cO2-Levels-Start.rvt or c02-Levels-Start-Metric.rvt from this book’s 
web page at www. sybex.com/go/masteringrevitarch2016. Then follow these steps: 


1. Open the exercise file and make sure the Project Browser is open—remember that it 
may be in a tabbed palette with Properties. Expand the Views tree and then expand 
Elevations. Double-click on South to activate that view in the drawing area. 


You will see two levels that are usually present when you create a new project using the 
default template. 





Datum 2. From the Architecture tab in the ribbon, find the Datum panel and click the Level tool. In 
| the Options bar, ensure that the Make Plan View option is selected. 


3. From left to right, draw a new level exactly 10'-0" (3000 mm) above Level 2. 


When you hover the mouse pointer anywhere near either endpoint of the existing levels, 
you will see alignment guides (dashed lines) that help keep the extents of the datum 
objects consistent. 


4. Click the Modify button or press the Esc key, and you will notice that the new level has a 
blue target. Double-click the target for Level 3, and the Level 3 floor plan will open. 


5. Return to the South elevation view and select Level 3. From the Modify tab in the ribbon, 
click the Copy tool. In the Options bar, select the Multiple option. 


6. Create two copies of Level 3: one that is 2'-0" (600 mm) above Level 3 and one that is 8'-0" 
(2400 mm) above that one, as shown in Figure 2.24. 
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FIGURE 2.24 
Create multiple copies 
of levels. 
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FIGURE 2.25 
Adding views to levels 


7. You can change the names and elevations of levels by selecting a level and then clicking 
the name or the elevation value. Rename Level 3 to Level 2B, Level 4 to Level 3, and 
Level 5 to Roof. If you are prompted to rename the corresponding views, click Yes. 


As we stated previously, plan views are not created for levels that are copied or arrayed. This 
gives you the flexibility to quickly generate levels for taller buildings without all the associated 
views that may increase your project file size unnecessarily. Although this workflow may be 
beneficial for you in early design phases, what do you do when you need all those floor plans 
and ceiling plans for that high-rise design? 

If you want to convert a level that doesn’t have a view to one that does, find the Create panel 
on the View tab and then select the Plan Views fly out and then the Floor Plan command. 

This opens the dialog box shown in Figure 2.25. You can select among all the levels without 


corresponding views in your project. Only the levels you copied in the previous exercise are 
listed in the dialog box. 
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You can also use this command to create duplicate views of existing levels. Clear the Do 
Not Duplicate Existing Views option at the bottom of the dialog box to see all the levels in your 
project. 

Select the Roof level and click OK. A floor plan will be created for the Roof level, and 
that floor plan will be opened. It is important to note that every plan you create with this 
method will be opened as you complete the command. Remember to use the Close Hidden 


Windows tool (available in the Quick Access toolbar) to avoid slower performance in your 
work session. 
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EXPLAINING 3D AND 2D DATUM EXTENTS 


Datum objects—specifically grids and levels—have two types of extents: 3D (analytic) and 2D 
(graphic). These extents are expressed as grips that are shown at the endpoints of the grids and 
levels in plans, sections, and elevations. The analytic grips control the extents of the datum 
across the entire project and all views. The analytic grip is shown as an open circle and the 
indicator displays as 3D, as shown in Figure 2.26. 


FIGURE 2.26 = 
Controlling the 3D 
(analytic) extents of 
the datum 
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If you want to adjust the 2D extents of your datum in only the current view, click the 3D icon 
and it will change to 2D. You can then modify the 2D extents of the datum object without 
affecting the 3D extents. We will explore this further in an exercise later in this section. 

Datum objects are visible only in views that intersect their 3D extents. The elevation in 
Figure 2.27 shows four grids and four levels. Grid lines 3 and 4 are not visible on Levels 3 and 4 
because their 3D extents are not intersecting those levels. 

You can use the 3D and 2D extents to your liking in any view. In Figure 2.28, for example, the 
3D extents of the grid lines extend through Level 1 and Level 2, but the 2D extents are set above 
Level 2. This means that the grid datum would still be visible in both levels, even though it 
looks like they don’t intersect the levels. 

When you move a datum object, one way or another, content is going to respond. If you 
move a level, walls and furniture are going to move accordingly. If you move a grid, structural 
elements associated to the grid are going to relocate. And if you move references, the elements 
associated with them will update. As a matter of fact, you'll often constrain or pin datum objects 
in order to restrict their movement as your project is starting to develop. 
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Let’s continue with the exercise from the section “Creating and Duplicating Levels” and edit 
the 2D extents for one of the levels you copied. Remember that although this exercise uses levels, 
these methods can be applied to grids as well. Here are the steps: 


1. Open the South elevation view again, and you'll notice that the label for Level 3 is slightly 
overlapping the label for Level 2B because they are relatively close. You'll need to adjust 
the 2D extent of Level 3. 


2. Select Level 3, and you'll see two items at the right endpoint with which you'll need to 
interact: the 3D indicator and the lock symbol. First, click the lock symbol to unlock the 
right endpoint. This will allow you to move the endpoint for the selected level without 
affecting all the other levels. 


3. Click the 3D indicator so that it changes to 2D. Now you are ready to modify the 
2D extents of the level. 


4. Drag the 2D extents grip (the solid circle) to the right. The result should look like the 
image shown in Figure 2.29. 








FIGURE 2.29 Add Elbow 
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5. Asa final option, you can choose to break the end of a level or grid line so that the tag or 
label will clearly display. Click the Add Elbow symbol near the label at the right endpoint 
of Level 3. We have indicated the location of this symbol in Figure 2.29. 


6. Use the additional line grips to adjust the level endpoint so that it resembles the image 
shown in Figure 2.30. 
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PROPAGATING EXTENTS 


Quite often you will adjust the extents of datum objects that need to be replicated in several 
other views. Fortunately, there is a tool to help you accomplish this—Propagate Extents. The 
premise of this tool is simple, but you must be aware of the subtleties in applying it to a three- 
dimensional model. 

The Propagate Extents tool pushes any modifications you apply to a datum object from one 
view to other parallel views of your choosing. This tool does not work well on levels because 
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the parallel views are essentially mirrored views of each other. For example, the orientation of 
the South elevation is the opposite of the North elevation; therefore, if you make a change to the 
extents at the right end of a level in the South elevation, those changes would be propagated to 
the left end in the North elevation. 

The best way to apply the Propagate Extents tool is with the 2D extents of grids. Why only 
the 2D extents? Because changing the 3D extents affects the datum object throughout the 
project, independent of any specific view. Let’s examine this behavior with a quick exercise: 


1. Download and open the c02-Grids-Start.rvt file from this book’s web page, and then 
activate the South elevation. 


You will see three levels and four grids. 


2. Select grid 3 and click the 3D indicator at the bottom endpoint. Notice that the lock 
symbol turns off automatically, allowing you to immediately adjust the graphic extents of 
the grid. 


3. Drag the 2D extent of grid 3 up toward the top. Repeat this process for grid 4 so that the 
result looks like the image shown in Figure 2.31. 


FIGURE 2.31 - 
Adjusting the 2D f 
extents of grids ` — 




















The line weight of the grid lines has been increased for clarity. 


Before you continue, open the Level 1 and Level 2 floor plans and observe that grids 3 
and 4 are still visible. If you had adjusted the 3D extents of the grids in the South 
elevation view, those changes would already be reflected in the other views. We're using 
this method because we want to maintain the 3D extents but modify the 2D extents only 
in the South elevation view. 


4. Return to the South elevation view and select grids 3 and 4 while pressing the Ctrl key. 
From the contextual tab in the ribbon, click the Propagate Extents button, and the dialog 
box will appear as shown in Figure 2.32. 


5. In the Propagate Datum Extents dialog box, select the North elevation view. 
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FIGURE 2.32 
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6. Click OK to complete the command and then activate the North elevation view. Observe 
that the 2D extents of grids 3 and 4 now match the modifications you applied in the South 
elevation view. 


You can use the Propagate Extents command to easily copy datum settings to any parallel 
views in your project. This is especially effective for propagating grid extents to many 
plan views in high-rise buildings. 


RESETTING OR MAXIMIZING 3D EXTENTS 


Two commands you might need when adjusting datum object extents are ones that give you the 
ability to reset or maximize the 3D extents. These commands are available in the context menu 
when you have a datum object selected (Figure 2.33). 
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The Reset To 3D Extents command allows you to reset any graphic extent modifications back 
to the analytic extents. Let’s apply this command in the continued exercise file: 


1. 


2. 


In the cO2-Grids-Start file, return to the South elevation view. Right-click grid 3, and 
select Reset To 3D Extents from the context menu. Repeat this step for grid 4. 


You will see the grid lines return to their original condition; however, this has been 
changed only in the current view (South elevation). Activate the North elevation view to 
observe this behavior. 


Return to the South elevation view and select grids 3 and 4. Click the Propagate Extents 
button in the contextual tab in the ribbon, and select the North elevation view. 


Click OK to close the dialog box, and the reset 2D extents will be applied to the grids in 
the other views. 


The other command in this pair serves a similar purpose in dealing with datum objects. 
Maximize 3D Extents is most often used if your levels or grids are exhibiting strange 
behavior. There are various reasons why this happens, but you'll realize it when it does. 
You can use this command to set the analytic extents of a datum object to the outer 
boundaries of your project geometry. 


Continuing in the exercise file, activate the Level 1 floor plan and notice that grid line 

C seems to be displayed like all the other grids. Now activate Section 1 from the Project 
Browser or by double-clicking the section head shown in the floor plan. You'll notice that 
grid line C is not visible in the section view. This is because someone mistakenly pulled 
the analytic (3D) extents far to the left in plan while the graphic (2D) extents remained 
consistent with the other grids. Let’s continue the exercise and repair this problem: 


Activate the Level 1 floor plan and select grid line C. Right-click and from the context 
menu, choose the Maximize 3D Extents command. 


It may not seem like anything happened, but activate the Section 1 view and you'll now 
see that grid line C is visible. 


Return to the Level 1 floor plan, select grid line C again, and then click the 2D indicator at 
the right endpoint so that it indicates 3D. 


USING REFERENCE PLANES 


Objects in the Revit model are able to maintain relationships with other objects; however, 
you may not always have other model elements (like walls, floors, and roofs) to relate to other 
geometry. This is why datum objects are so important. 

If you've been using Revit for a reasonable amount of time, it seems obvious that levels 
and grids would control content, but reference planes aren't often appreciated. Here’s a simple 
exercise to demonstrate this special kind of relationship between reference planes and walls: 


1. 


Download and open the file c02-Walls-Start.rvt from this book’s web page. Activate 
the Level 1 floor plan, select the wall segment, right-click, and then choose Create Similar 
from the context menu. Use the Tangent End Arc option from the Draw panel in the 
contextual tab of the ribbon to create a series of concentric walls starting from the left 
endpoint of the provided wall, as shown in Figure 2.34. 
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FIGURE 2.34 
Concentric walls 


2. Go to the South elevation view. From the Architecture tab in the ribbon, click the 
Reference Plane tool and add two angled planes (dashed lines) as shown in Figure 2.35. 


FIGURE 2.35 
Reference planes 
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If you move Level 1, you'll notice that the walls all move with it. You don’t have to select 
the walls; it’s in the properties of the walls to maintain a relationship to the Level 1 
datum. You could make the top of the walls maintain this same kind of relationship to 
Level 2. 


3. You can also create a relationship to the reference planes. To do so, simply select all the 
walls (just hover your mouse over one wall, press and release the Tab key, and then left- 
click to select the chain of walls), and then click the Attach Top/Base button in the ribbon. 
Note that Attach Wall > Top is the default selection in the Options bar, so first pick the 
upper reference plane. Click the Attach Top/Base button again, make sure Attach Wall > 
Base is selected in the Options bar, and then pick the lower reference plane. 
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Figure 2.36 shows the results in a 3D view, once you've attached the top and bottom of the 
walls to the upper and lower reference planes. 


FIGURE 2.36 
Finished walls 





Try moving and rotating the reference planes, and notice that the walls will maintain their 
relationships to the planes. This is shown in a section view of the walls in Figure 2.37. 


FIGURE 2.37 
Section view 
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Although you can use levels, grids, and reference planes to customize model elements, 
there may be situations where you need to establish relationships with non-planar geometry. 
You can find video tutorials on custom wall constraints posted on our YouTube channel at 
www. youtube. com/user/MasteringRevit. 


Using Content 


Effective use of content is all about repeated elements in a hierarchy (project, family, type, 
instance) that you put in your Revit project to develop and document your design. Content 
can often maintain relationships with other content, but more important, content maintains 
relationships to datum objects. As you can see from the Revit organizational chart shown 
previously in Figure 2.22, content includes system families, component families, and spaces. 
System families (also called host families) are content that is part of the Revit project 
environment. These families are not created and stored in external files (RFAs)—they’re found 


FIGURE 2.38 
Selecting a family 
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only in the RVT project file. If you need another type of a system family, you'll duplicate an 
existing type from within the project. System families can be 3D elements such as walls, floors, 
roofs, ceilings, stairs, and railings or 2D elements such as text, dimensions, revision bubbles, and 
insulation. 

Component families are created in the Family Editor and are either 2D or 3D content. This 
means that you'll have to create and load these kinds of families outside the Revit project 
environment as RPA files. When you start to create a component family, you'll need to select 
an appropriate family template (Figure 2.38). By selecting the right family template, you'll 
be certain that the component that you're creating is going to behave, view, schedule, and (if 
necessary) export properly. 
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Although most system families help shape the physical aspects of a building, the occupied 
voids within are critical to a successful design. These elements are spaces, which take the form 
of rooms and areas. Spaces maintain relationships to datum objects but also to model elements 
including floors, walls, ceilings, and roofs. In addition to spatial properties, rooms are used to 
document finishes within your project. Take a look at the properties of a room, and you'll find 
Floor Finish, Base Finish, Wall Finish, and Ceiling Finish. 


WORKING WITH TYPE AND INSTANCE PARAMETERS 


All content in a Revit project has parameters, which are simply the information or data about 
something. Parameters can affect many different aspects of an object, such as visibility, 
behavior, size, shape, and material. 

To develop a fundamental understanding of parameters, you must note that there are two 
kinds of parameters: type and instance. Type parameters control information about every element 
of the same type. For example, if the material of a piece of furniture is designated as a type 
parameter and you change it, the material for all the furniture of that type will change. Instance 
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parameters control only the instances that you have selected. So if the material of the piece 
of furniture that you've selected is an instance parameter, you'll be editing only the selected 


elements. 


Instance parameters can be constantly exposed in the Properties palette. Selecting something 
initially displays the instance parameters. Figure 2.39 shows the instance parameters of a wall 
that control the relative height, constraints, and structural usage. 


FIGURE 2.39 
Instance parameters 
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By clicking the Edit Type button, you expose the type parameters (Figure 2.40). These 
parameters control values such as the structure, graphics, and assembly code. 

This section provided you with a basic overview of families and parameters; you will learn 
much more about these concepts in Chapter 14. 


Working with Views 


Views are the means by which you will interact with and document the project. As you can 

see in the Revit organizational chart shown previously in Figure 2.22, there are both 2D and 

3D views. Two-dimensional views are oriented to specific coordinates such as plan, elevation, 
and section. Schedules and material takeoffs are yet another way of viewing information 

in a project that is neither 2D nor 3D. Three-dimensional views are either orthographic or 
perspective (camera view) in nature. Views also have type and instance parameters that control 
properties such as name, scale, detail level, phase filter, and graphic display options. We'll 
review each type of view again in more detail in Part 5, “Documentation.” 


DEFINING PROJECT ORGANIZATION 


FIGURE 2.40 
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REVIEWING THE COMMON PROPERTIES OF VIEWS 


Let’s first review, in detail, some of the properties that apply to most views. All of these are 
found in the Properties palette when no objects are selected; however, some properties may also 
be accessed in the view control bar. The most common view properties are as follows: 


Crop Region With the exception of schedules and drafting views, the extents of all views 
can be limited using crop regions. The visibility of the crop region itself can be turned off, 
but you can choose to hide all crop regions in the Print Setup dialog box when using the 
Print command. Although you might feel the need to keep crop regions visible to allow 
easier editing, you can use the Reveal Hidden Elements tool in the view control bar to 
temporarily show hidden crop regions. Buttons to enable/disable and show/hide the crop 
region are available on the view control bar. 


View Scale The scale of a view automatically controls the relative weight of line work as 
well as the size of annotations such as text, dimensions, and tags. The view scale is displayed 
on and can be modified from the view control bar. 


Visibility/Graphics The Visibility/Graphic Overrides dialog box (Figure 2.41) allows 
overrides of elements in two essential ways: visibility (turn object categories on/off) and 
graphics (customize line thickness, color, and fill pattern). 


Detail Level The Detail Level parameter can be set to one of three predefined choices: 
Coarse, Medium, or Fine. This setting depends on how families are constructed, but it can 
help improve model performance and avoid cluttered views by limiting the visibility of 
smaller model elements. Detail Level can be set with a button on the view control bar. 
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FIGURE 2.41 
Visibility and graphic 
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View Template As an aid to standardization, view templates can help you organize 
common view settings and apply them to groups of views throughout your project and other 
projects within your office or firm. View templates are covered in detail in Chapter 4. 


CREATING AND DUPLICATING VIEWS 


You can create views in various ways in order to work with your project in a manner that meets 
your needs. Although creating views is quick and easy, you should avoid populating your 
project file with too many unnecessary views. An overabundance of unused views will increase 
the size of your project file and cause it to perform poorly. Let’s review the procedures to create 
different view types and see how to control their extents after they’re created. 
New views can be generated from the Create panel on the View tab of the ribbon 
(Figure 2.42), and the process is quite simple. Click one of the buttons and a new view is 
activated and stored in the Project Browser. 
soin 2.42 , 2 
reating new views is Ò> | 
from the ribbon 
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Ea > Views View View 7 
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Another quick way to create new views is to right-click a view name in the Project Browser 
and select one of the Duplicate View commands (Figure 2.43). You can also duplicate the current 
view by using the Duplicate View button in the Create panel of the ribbon. 





FIGURE 2.43 
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As you can see in Figure 2.43, there are three choices in the Duplicate View flyout command: 
Duplicate, Duplicate With Detailing, and Duplicate As A Dependent. Let’s take a quick look at 
what each of these options means: 


Duplicate This command will create a copy of the selected view but will not replicate any 
of the annotation in the view. Use this command when you need a fresh copy of a view in 
which you will create new annotation for a different documentation purpose. 


Duplicate With Detailing As its name suggests, this command will create a copy of the 
selected view with all of the annotation in the view. We don’t recommend using this command 
too often because replicated annotation is often a sign of an inefficient production process. 


Duplicate As A Dependent This command allows you to create a series of partial views 
that assume the properties of one parent view. Using dependent views does not mean that 
you can have a parent view with a larger scale like 1:100 and then create dependent views at 
larger scales such as 1:50. The parent view has all the same properties as the dependents, but 
you can manage the crop regions and settings from the parent view. 


CREATING FLOOR PLANS AND CEILING PLANS 


As you learned in the section “Creating and Duplicating Levels” earlier in this chapter, when 
you create a level in an elevation or section view you have the option to create a plan view for 
that level in the Options bar. If you have levels without corresponding plan views, you can also 
use the Plan Views tool from the ribbon to create a plan view. 
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The vertical extents of plans and ceiling plans are controlled by the View Range settings. The 
View Range settings, as shown in Figure 2.44, define the vertical range of the view. 


FIGURE 2.44 
View Range dialog box 
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The view range properties can be difficult to understand, so we created a diagram to 
illustrate the principles. In Figure 2.45, you will see that the primary range is the zone you 
usually see in a default floor or ceiling plan. If an object crosses the cut plane, the object’s 
Cut values are used. If the object is below the cut plane but above the bottom, the object’s 
Projection values are used. Cut and Projection values can be found in Visibility/Graphics. 
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For most views, the Bottom and View Depth parameters are set to the same plane. Therefore, 
objects below the bottom of the view range simply won't appear. So, what happens if you need 
to show objects on a lower terrace for reference in the current view? When you set View Depth 
to Level Below or Unlimited, objects that are below the bottom of the view range but within the 
view depth will be overridden with the <Beyond> line style. 

Perhaps you only need to apply a different view range setting to isolated areas of a view. This 
can be accomplished with the use of the Plan Region tool. You can find this tool in the Create 
panel of the View tab along with the other Plan View tools. The Plan Region tool allows you to 
sketch a boundary within which the View Range dialog box will be available to make specific 
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changes. You can use this method for areas such as windows that might be placed in a wall 
above the cut plane but need to be shown on the plan for documentation. 

Another useful property of plans is known as an underlay. Although this property may 
function more like a tool, it is found in the Properties palette along with the other view 
properties. An underlay allows you to use any other level as a reference in the current view. You 
can use the underlay to display ceiling soffits in a floor plan, to display furniture layouts in a 
ceiling plan, or to use another level as a reference for replicating partition layouts. 


CREATING ELEVATIONS 


Selecting the Elevation tool on the View tab creates elevations of various types. You'll also notice 
that as you place an elevation tag, the elevations automatically orient to walls (Figure 2.46). If 
there’s no host element nearby to reference, they’ll automatically orient to the left. 


FIGURE 2.46 
Elevation tag 
orientation 





Selecting the center of the tag will allow you to create additional elevation views (more 
typically done for interior elevations) by selecting the unchecked boxes that surround the 
elevation tag (Figure 2.47). 


FIGURE 2.47 
Creating additional 





elevations 
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If you select the directional point of the elevation tag, you'll see a blue line that defines the 
beginning of the cut plane for the elevation as well as a dashed line that defines the side and 
rear extents (Figure 2.48). This allows you to control the analytic extents of the elevation without 
moving the graphic tag, which is useful if you want the tag in a particular location but you want 
the cutting plane to start somewhere else. 


FIGURE 2.48 
Elevation extents 
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Finally, there are three types of elevations in a Revit project: exterior, interior, and framing. 
Their differences are more than graphic. Exterior elevations by default don’t have an active crop 
boundary, only a starting cut plane. Interior elevations have their crop boundary on by default and 
attempt to find boundaries of host elements, like walls, floors, and ceilings. Framing elevations can 
be placed only along a grid line, and their cut plane corresponds to the respective grid. 


CREATING SECTIONS 


Selecting the Section tool on the View tab creates sections. By default, three types of sections 
are available from the Type Selector: Building, Wall, and Detail. This allows them to be grouped 
with better clarity in the Project Browser, but there are also other important properties. 

Unlike with elevations, the cutting plane of a section must correspond with its graphic line. 
Figure 2.49 shows the instance properties of a Building section. The far and side cut planes of a 
section can also be controlled. This goes for both Building and Wall sections. 


FIGURE 2.49 
Section properties 
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Building and Wall sections must be created in a perpendicular orientation with respect to 
levels. But after you create them, they can be rotated in elevation. However, doing so would lead 
to confusion in your project because, once rotated, the section wouldn’t be displayed in plan 
view because the section cutting plane would no longer be perpendicular to the plan view. 

A Detail section will have a different graphic symbol by default, although you can customize 
this to your liking. We discuss this form of customization in Chapter 4. Beyond the differing 
graphic symbol, Detail sections will have a smaller clipping region than a Building or Wall 
section. In Figure 2.50, a Building section is shown at the left of the image and a Detail section is 
shown to the right. 


FIGURE 2.50 , 
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It’s important to know that a Detail section created in plan will automatically display as a 
callout in any Building section or Wall section if the Detail section overlaps a larger section. Of 
course, this is not an ideal workflow for architectural documentation. We discuss the process of 
using callouts from larger sections in Chapter 16. 

Also note the color of callout and section heads in Figure 2.50. These blue icons act as 
hyperlinks to the other views in your project. Double-click on any of these blue heads to activate 
that view. 
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CREATING CALLOUTS 


The Callout tool allows you to create views that are intended to be enlarged from the scale of 
the parent view in which you create the callout. When you are in a parent view—a floor plan, 
section view, or elevation view—you can create a callout from the View tab in the ribbon within 
the Create panel. 

The most important aspect of the Callout tool you need to understand is the difference 
between the types of callout views you can create. When you activate the Callout tool, click 
on the Type Selector in the Properties palette. You will see several choices that depend on 
what kind of view you currently have activated. For example, if you are using the Callout tool 
in a floor plan view, you will see Detail and Floor Plan listed in the Type Selector, as shown 
in Figure 2.51. Two types of callouts are available in the Type Selector: Detail and Floor Plan. 
Although Detail callouts may look like Detail sections graphically, they’re not visible inside 
other perpendicular views. So a callout created in plan view will not be visible in elevations or 
sections like a Detail section. 


FIGURE 2.51 Properties x 
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In the example shown in Figure 2.51, if you select Detail, the callout view you create will be 
listed in the Project Browser under Detail Views. If you select Floor Plan, the callout view will 
be listed under Floor Plans. You cannot change a callout view from one type to another after it is 
created, so plan the configuration of your views carefully. 

Beyond the organization of callout views in the Project Browser, choosing the right type for 
your callouts affects other functionality as well. The Detail callout has a unique property called 
Show In. This property can be set to either Parent View Only or Intersecting Views. If the callout 
is set to show in Intersecting Views, this type of callout in plan would display as a section detail 
mark in an intersecting view such as a Building section. In Figure 2.52, you can see the callout 
added to the floor plan (left). When the Show In property of that callout is set to Intersecting 
Views, it displays as a detail section mark in the building section (right). 
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If you create a callout using the same type as the parent view, the callout view will also have 
all the same view controls as the parent view. In the floor plan example, you will still have view 
properties such as Depth Clipping and View Range. In a Detail callout, the property called Far 
Clip Settings can be set to either Independent or Same As Parent View. 

Take a moment to note the grips on the boundary of a callout when one is selected. You can 
use these grips to change the size of the callout boundary, but this also modifies the crop region 
within the callout view. As you might assume, if you modify the crop region in the callout view, 
the callout boundary also changes. 

Callouts can be created in either a simple rectangular shape or in any custom sketched shape. 
You will see these two tool options in the Callout flyout button in the ribbon, but you can always 
edit a rectangular callout by first selecting a callout and then selecting Edit Crop from the 
contextual tab in the ribbon. You can also return a custom shape callout to a simple rectangular 
shape by clicking Reset Crop in the ribbon. 

Finally, you may customize the appearance of the callout boundary and leader line from 
the Object Styles dialog box. Go to the Manage tab in the ribbon and from the Settings panel, 
click Object Styles. Select the Annotation Objects tab, and you will be able to customize the line 
weight, color, and pattern for the callout boundary and the leader line. 


USING DRAFTING VIEWS 


Drafting views give you the ability to draw without first creating a reference to something 

in your project. They may contain Detail and Repeating Detail components and any other 
annotation content. Drafting views are great for quickly documenting typical conditions that 
don’t require an actual model geometry. 

Once you create a drafting view, you can refer to this view when creating an elevation, 
section, detail, and so on that would normally rely on an actual view of the model. As you start 
to create a standard project view (Figure 2.53), simply select the Reference Other View option 
from the contextual tab of the ribbon, and then you'll be allowed to select a reference view 
from all the other like views in your project as well as any drafting views. You can even use 
the search bar to easily locate specific view names instead of scrolling through a long list of all 
project views. 
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FIGURE 2.53 
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USING LEGENDS 


Legends are views in which you can display samples of model elements that won't affect 
schedules and quantity takeoffs. There are two types of legends: legends and keynote legends. 
Regular legends are used to assemble analytic views of content in your project, graphics, 
geometry, tags, and so on—anything that lives in your project. Legends may contain Detail, 
Repeating Detail, and Legend components—which are live representations of 3D model elements. 
Legends are unique in that they are the only view that can be placed on more than one sheet. 

A Legend component (Figure 2.54) is a special live representation of a system or component 
family that may appear only in legend views (not drafting views). If you make a change to an 
element in your project, the representation of that element in the legend will change as well. 
When you are creating a legend view, the Legend Component tool is located in the Component 
flyout button on the Detail panel of the Annotate tab in the ribbon. 


FIGURE 2.54 
Legend components 
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Keynote legends are special schedules. When creating a keynote legend, you'll be prompted 
much the same way as you are when creating a schedule (Figure 2.55). These types of legends 
are meant to be placed on either one sheet or multiple sheets. If the legend is placed on every 
sheet in which keynotes are used, the Filter By Sheet option should be selected on the Filter tab 
of the Keynote Legend Properties dialog box. With this option selected, only those keynotes that 
appear in views placed on a sheet will appear in the sheet’s keynote legend. 


FIGURE 2.55 
An example of a KEYNOTE LEGEND 
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USING SCHEDULES 


All model elements have information about their properties such as size, material, and cost. You 
can report and interact with this information in tabular views known as schedules. There are 
six types of schedule views that can be accessed from the Create panel in the View tab of the 
ribbon: Schedule/Quantities, Graphical Column Schedule, Material Takeoff, Sheet List, Note 
Block, and View List. 


Schedule/Quantities This is the most commonly used schedule type, allowing you to 
list and quantify all the element category types. You would use this type to make door 
schedules, wall schedules, window schedules, and so on. These schedule types are usually 
limited to scheduling properties within the same category; however, you can create a 
multicategory schedule or use some fields from other elements. For example, many model 
elements can refer to the properties of the room in which they are placed. 


Graphical Column Schedule This schedule is different from the other schedule types and 
is commonly used by structural engineers. Structural columns are displayed according to 
their grid intersections, indicating top and bottom constraints as well as offsets. 
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Material Takeoff This type of schedule lists all the materials and subcomponents of any 
family category. You can use a material takeoff to measure any material that is used ina 
component or assembly. For example, you might want to know the volume of concrete within 
the model. Regardless of whether the concrete is in a wall or floor or column, you can tell 

the schedule to report the total amount of that material in the project. Material takeoffs will 
report material properties across multiple categories. 


Sheet List This schedule allows you to create a list of all the sheets in the project. 


Note Block This tool creates a unique schedule that lists the properties of a generic 
annotation symbol used in a project. 


View List This schedule shows a list of all the views in the Project Browser and their 
properties. A view list can be a valuable tool to help you manage your project’s views 
efficiently. 


USING SHEETS 


You will use sheets to organize views and other annotation for the purpose of issuing printable 
(physical or digital) documents. Sheet borders can be customized, but the important fact to 
realize is that sheets are always scaled at 1:1. The important thing to remember is that you're not 
going to select a scale when you print a sheet; it’s really more like printing than plotting. If you 
need your sheet to be smaller or fit on the desired page, these options are available, and using 
them is little different than printing from a word processing application. 

You will learn more about creating sheets in Chapter 17. 


USING 3D VIEWS 


Two kinds of 3D views are supported: orthographic and perspective. The Default 3D view is 
orthographic, whereas the Camera and Walkthrough views are in perspective (Figure 2.56). 
You can right-click on the View Cube and select the Toggle To command in the context menu. 
To enable the ability to toggle between isometric and perspective, you must have a crop region 
activated in the view. We’ll also cover 3D views in detail in Chapter 11. 

Orthographic views will always show parallel edges along Cartesian x-, y-, and z-axes. 
Orthographic views are best if you need to show model information to scale. A lot of people 
don’t realize that it’s possible to dimension and detail in Revit software from a 3D orthographic 
view. For a more thorough explanation of annotating a 3D view, refer to Chapter 20, “Presenting 
Your Design.” 

Create camera views by placing the start and end points of a camera (typically from a plan 
view). The first point you select in plan is the point from which the view will be taken, but the 
second point is also the rotation origin for the view (Figure 2.57). This is important because if 
you select a second point that is far beyond your view, when you open the view and attempt 
to modify it, it will rotate around a target that doesn’t seem to make sense. That’s because the 
target location of the view is off in the distance. 

A perspective view will not be to scale, but it can be made relatively larger or smaller by 
selecting the view’s crop region and then selecting the Size Crop button from the Modify | 
Camera tab. Once you do this, you'll have the option to change the view size and field of view, 
proportionally or not proportionally (Figure 2.58). You can also simply drag the nodes of the 
bounding box. 
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FIGURE 2.56 
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FIGURE 2.57 
Setting camera and 
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Camera extents are defined by the Far Clip Offset option, accessed in the Properties palette 
for the view. If the Far Clip Offset is too low, the view may resemble the image shown in 
Figure 2.59. Geometry that you'd expect to see will be “clipped” in the view. 


FIGURE 2.59 
The Far Clip Offset is 
too shallow. 





Simply increase the Far Clip Offset value to show more of the model. You may also do this 
graphically by returning to a plan view, right-clicking the camera view in the Project Browser, 
and then selecting Show Camera. Once the camera is shown in your plan view, you can select 
the node at the far end of your clipping plane and manually drag the node to extend the far clip 
offset of your view in a similar manner to that shown in Figure 2.58. 

Finally, the extents of 3D views (even walkthroughs) can be customized with the use of 
section boxes. You'll find the Section Box option in the Properties palette for a 3D view. This will 
allow you to control how much of the project is shown (Figure 2.60) and is helpful for creating 
cutaway visualizations in real time or in renderings. 
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FIGURE 2.60 
Section box 
applied toa 3D 
view 





Once a section box is enabled in a 3D view, you can select it in order to stretch or rotate it 
according to your needs. The section box is not considered a crop region, and therefore it is not 
affected when you use the Show Crop Region command. If you want to hide a section box, select 
it and then select Hide Elements from the View panel in the ribbon. 


Managing Your Project Model 


Project management involves all the settings that control (and therefore restrict) the 
graphic information previously described in this chapter as relationships, repetition, and 
representations. Returning to the organization chart in Figure 2.22, you'll see that a Revit project 
is managed with settings such as line styles, phasing, and view templates. 

To cover all aspects of project management in this one chapter would be overwhelming; 
therefore, you can find more detailed information about the following topics throughout 
this book: 


@ For object styles, line styles, fill patterns, line weights, and view templates, refer to Chapter 
4, “Configuring Templates and Standards.” 


For worksets and worksharing, refer to Chapter 5, “Working in a Team.” 


For phasing and design options, refer to Chapter 10, “Working with Phasing, Groups, and 
Design Options.” 


@ To learn about locations and shared positioning, refer to Chapter 3, “The Basics of the 
Toolbox.” 
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The Bottom Line 


Understand the user interface. In addition to understanding how your project is 
organized, to use Revit software well you must understand how the UI is organized. Once 
you grasp both of these concepts, you'll be ready to move ahead. 


Master It The “big” areas of the Ul are the ribbon, the Properties palette, the Project 
Browser, and the drawing area. How do these areas work together, and what tabs corre- 
spond to an iterative design process? 


Understand project organization. The compelling advantage of being able to design, 
document, and manage your project across multiple disciplines—the architectural, 
structural, and mechanical disciplines—is something that you can do only in Revit software, 
and understanding project workflow is key to getting off on the right foot. 


Master It Thinking back to the Revit organizational chart shown in Figure 2.22, what 
are the main components of a Revit project, and how can you apply them to your design 
process? How do these categories directly affect your design workflow? 


Chapter 3 


The Basics of the Toolbox 


The road to mastering Autodesk® Revit® Architecture software will always include 
reinforcement of fundamental skills. Just as an accomplished musician will practice her scales, 
here you will “practice” by reviewing the fundamental selection and editing tools throughout 
the Revit Architecture program. There are many tools that can assist you in refining your 
models and project designs. Some are simple geometry-editing functions, whereas others 
possess more powerful capabilities. 


In this chapter, we’ll review these tools and provide some exercises for you to remain 
productive. In this chapter, you'll learn to: 


Select, modify, and replace elements 


@ Edit elements interactively 
@ Use other editing tools 
@ Create site context for your project 


Selecting, Modifying, and Replacing Elements 


Knowing how to select, modify, and replace elements efficiently is fundamental to working 
productively in Revit software. These interface operations are the foundation on which you will 
build skills to create and edit your project models. In the following sections, we will review 
methods for selecting, filtering, and modifying properties. 


Selecting Elements 


Revit was one of the first programs that had the ability to pre-highlight elements as you 
hovered the mouse pointer over them, before actually clicking to select. Not only does this 
give you a Clear idea of what you are about to select, but it also displays information about 
that object in the status bar and in a banner near the mouse pointer. When you hover over an 
element, it pre-highlights; click the highlighted element and it turns blue, indicating that it is 
selected. 

Once an element is selected, the ribbon changes to Modify mode, where consistent editing 
tools are located on the left side and context-sensitive tools appear to the right. Notice the subtle 
differences in the ribbon, as shown in Figure 3.1, when a roof, wall, and floor are selected. 
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FIGURE 3.1 
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CHANGING SELECTION COLORS 


You can customize the default colors for selection, highlighting, and alerts to your own color pal- 
ette. To do this, click the Application menu and select Options. In the Options dialog box, select 
the Graphics option on the left to edit the settings for colors. 


You can select elements in many ways: 


Add or Subtract You can build a selection of individual elements by using the Ctrl and 
Shift keys on your keyboard. Hold down the Ctrl key while picking to add elements, and 
hold down the Shift key while picking to remove elements. Notice that the mouse pointer will 
indicate a plus (+) when you hold the Ctrl key and a minus (-) when you hold the Shift key. 


Window To select a large number of elements in a view window, you can click and drag 
the mouse to form two different types of selection windows. Click and drag from left to 
right, and only the elements completely within the window will be selected—this implied 
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window is displayed as a solid line. Click and drag from right to left, and any element within 
or crossing the window will be selected—this implied window is displayed as a dashed line. 
To activate either window-selection tool, you must begin by clicking in a blank area (not on 
an element) within the view window. 


Chain Chain-select is an intelligent method for selecting connected elements such as walls, 
lines, sketch segments, and line-based components. To activate this mode, hover your mouse 
over (but don’t click) one linear element that is connected to several other linear elements. 
While the element is pre-highlighted, press the Tab key once and the connected elements will 
be pre-highlighted. You can then click to select the chain of elements. When selecting objects, 
use the Tab key to cycle through all available objects near your mouse pointer. If a floor edge 
happens to be near the edge of a wall that you are trying to chain-select, you can skip the 
chain of walls and select the floor. Be sure to look at the status bar; it will indicate “Chain of 
walls or lines” when you have selected correctly. 


Select Previous Command A little-known feature allows you to select elements you had 
previously selected. Either right-click and choose Select Previous from the context menu or 
press Ctrl and the left-arrow key on your keyboard. 


Selection Options 


You have the ability to choose elements that will be included or excluded when you click on 
elements in a model. There are two ways to adjust these settings, as shown in Figure 3.2: Click 
the drop-down menu under the Modify button in the ribbon, or use the icons at the right end 

of the status bar. Note that the icons in the status bar will change slightly to indicate the status 
of each option. When a mode is disabled, a small red X will be displayed on the icon. One of 
these selection options is Select Elements By Face, which allows you to select elements simply by 
picking any face of the element. 
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FIGURE 3.3 
Use the Filter dialog box to fine-tune 
your selections. 
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Filtering Your Selection 


Once you have elements selected, a count of selected objects is displayed at the right end of the 
status bar. You can also filter the selection into object categories by clicking the Filter icon in the 
status bar or ribbon. This tool allows you to select large numbers of elements and then focus 
your selection by removing categories you don’t need, as shown in Figure 3.3. For example, 

if you window-select an entire floor plan, you will have a selection set of many different 
categories. Using the Filter tool, you can limit the selection to just the Doors category—or 
perhaps Doors and Door Tags. 
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Total Selected Items: 


You can also use the Properties palette as a filter; see the section “Using the Properties 
Palette” later in this chapter for more information. 


Using Selection-based Filters 


If you need to save a selection of elements for future editing, you can save a selection-based 
filter. When you have a number of elements selected, click Save in the contextual tab of the 
ribbon and a named selection set will be created in the active project model. To load or edit any 
saved selection-based filter, go to the Manage tab in the ribbon and locate the Selection panel. 
Click the Load button to activate any of the saved selection sets, and then you can use other 
tools such as Temporary Hide/Isolate to continue your task work. 


Selecting All Instances 

Another fast and powerful method for selecting objects is the Select All Instances function. 
When you right-click a single object in the drawing area or a family in the Project Browser, the 
Select All Instances tool gives you two options: Visible In View or In Entire Project. Selecting the 
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Visible In View option will select only those items you can see in the current view. This will not 
select elements that have been either temporarily or permanently hidden in the view. 

Use the In Entire Project option carefully because you could modify elements in many places that 
you did not intend to change. Always remember to look at the selection count in the status bar when 
you use Select All Instances. Here are some common situations where you might use this tool: 


@ View titles—when updating graphics 

@ Walls—when switching from generic to specific types 

@ Title blocks—moving from design to detail documents 

@ Viewports—useful when trying to purge unused viewports 


Note that Select All Instances does not work on model lines or symbolic lines. This limitation 
exists because lines are not only drawn in project views; they are integral parts of other objects 
such as filled regions and shaft openings. 


Using the Properties Palette 


The Properties palette is a floating palette that can remain open while you work within the 
model. The palette can be docked on either side of your screen, or it can be moved to a second 
monitor. You can open the Properties palette by using one of the following methods: 


@ Click the Properties icon in the Properties panel of the Modify tab in the ribbon. 
@ Select Properties from the context menu. 
@ Press Ctrl+1 or PP on your keyboard. 


As shown in Figure 3.4, the Type Selector is located at the top of the Properties palette. When 
placing elements or swapping types of elements you've already placed in the model, the palette 
must be open to access the Type Selector. 

When no elements are selected, the Properties palette displays the properties of the active 
view. If you need to change settings for the current view, make the changes in the Properties 
palette and the view will be updated. For views, you do not even need to use the Apply button 
to submit the changes—simply move the mouse out of the Properties palette, and the changes 
will automatically be accepted. 


CUSTOMIZING THE APPLY BUTTON BEHAVIOR 


The behavior of the Apply button in the Properties palette can be modified by editing the Revit 
«ini file. If you want to disable the automatic application of settings when you move the mouse 
pointer from the palette into the drawing area, add the following code to the Revit.in1 file: 


[UserInterface | 
DisablLeMppAutoApply=1 


If the bracketed text [USerInterface] already exists in the Revit.ini file, simply add 
DisabLeMppAutoAppLy=1 belowit. You should restart the application after making any changes 
to the Revit.in71 file. 
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FIGURE 3.4 
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Finally, you can also use the Properties palette as a filtering method for selected elements. 
When you select elements from different categories, the drop-down list below the Type Selector 
displays the total number of selected elements. Open the list and you will see the elements listed 
per category, as shown in Figure 3.5. Select one of the categories to modify the parameters for 
the respective elements. This process is different from the Filter tool in that the entire selection 
set is maintained, allowing you to perform multiple modifying actions without reselecting 
elements. 


FIGURE 3.5 
Use the Properties palette to filter 
selection sets. 
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Matching Properties 


Located on the Modify tab of the ribbon in the Clipboard panel, the Match Type Properties tool 
allows you to select one element and apply its type and instance properties to other elements of 
the same category. Once you select one element, the brush icon near the mouse pointer appears 
filled. Each subsequent pick on elements of the same category will replace the selected element 
with the properties of the first element picked. Clicking in an open space will clear the brush 
icon and allow you to pick a new source object without restarting the command. 

If you want to use the Match Type Properties tool for multiple objects in a more controlled 
manner, click the Select Multiple button in the contextual tab of the ribbon after the source 
object is selected. Proceed to use any of the usual selection methods described earlier in this 
chapter. When your selection is complete, click the Finish button on the ribbon. 

Be careful when using this tool with walls, because not only does it change the wall type, 
it also changes the top and bottom constraints of the walls being matched. One best practice 
for changing wall types without affecting height constraints is to pick a wall and use the Type 
Selector to modify its type. 


Using the Context Menu 


The context menu that appears when you right-click in the view window contains several 
options. You can activate the last command or select from a list of recent commands, as shown 
in Figure 3.6. 

In addition to the other right-click commands listed throughout this chapter (such as Create 
Similar), Zoom commands, including Previous Pan/Zoom, are on the context menu. There are 
also useful commands when you right-click views in the Project Browser. For example, activate 
a plan view and then try right-clicking a 3D view in the browser. Select Show Section Box, and 
you can edit the extent of the 3D view’s section box while in a floor plan. 
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FIGURE 3.6 
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Editing Elements Interactively 


Revit software provides a range of options to edit elements in the model interactively. The most 
obvious is selecting elements and then dragging them on screen, or using the blue control grips 
to extend walls, lines, shape faces, and region boundaries; however, you often need more precise 
ways of moving and copying objects. Let’s look at some ways to do that. 


Moving Elements 


You can move elements in several ways, ranging from choosing traditional tools to using 
interactive dimensions that appear on the fly when you select elements. Become familiar with 
each method and determine what is best for your workflow. 


USING TEMPORARY DIMENSIONS 


You have likely noticed by now that dimensions appear when elements are selected or newly 
placed. These dimensions are called temporary dimensions and are there to inform you of the 
location of the elements relative to other elements in the model, as well as to help you reposition 
them. Clicking the blue dimension value (the text representing the distance measurement) 


EDITING ELEMENTS INTERACTIVELY | 75 


makes it an active and editable value. Type in a new value, and the selected element will move 
relative to the element from which it is dimensioned. Remember that when you are editing the 
position of an element via the dimensions, it will always be the selected element that moves. You 
can’t modify a dimension value if an element is not selected. 

If a temporary dimension isn’t referencing a meaningful element, you can choose a different 
reference by dragging the small blue dot on the dimension’s witness line to a new, parallel 
reference, which will highlight when the mouse moves over them (Figure 3.7). For example, if 
you want to position a door opening at a specific dimension from a nearby wall, you will need 
to drag the grip of the temporary dimension that references the center of the door to the side of 
the opening. Then you can edit the value of the dimension as required. When you are dragging 
the grip of a temporary dimension, you can also use the Tab key on the keyboard to cycle 
through available snapping references near the mouse pointer. 


FIGURE 3.7 t-o 5.0 
Drag or click the ó F —— b 
blue grip to change 


the reference of the 
temporary dimension. 





If you click a blue grip, it cycles to the next possible reference in the element. For example, 
clicking the grip of a dimension to a door or window cycles between the left and right openings 
and the center reference. The same applies to walls: Try clicking the grip on the temporary 
dimension extending from a wall and see how the dimension cycles through the various 
references in the wall (interior face, centerline, exterior face). Note that when you drag a 
temporary dimension reference to a different position, the new reference is remembered when 
you return to the element for future editing. 

You can also change the default behavior of temporary dimensions using the Temporary 
Dimension Properties dialog box, shown in Figure 3.8 (on the Manage tab, click Additional 
Settings and then select Temporary Dimensions). Here you can specify how temporary 
dimensions will independently reference walls, doors, and windows. 
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You can modify the font size and transparency of temporary dimensions in the program 
options. To customize these values, click the Application menu and select Options. In the 
Options dialog box that opens, switch to the Graphics category and locate the Temporary 
Dimension Text Appearance settings. Adjust the text size and transparency according to your 
needs. 

If you have several elements selected at the same time or select an element within the 
proximity of a large number of other elements, temporary dimensions sometimes don’t appear. 
Check the Options bar for the Activate Dimensions button; clicking it will make the temporary 
dimensions appear in the view. 


BEHAVIORS FOR MODIFY TOOLS 


As in Autodesk AutoCAD software, you have the option to activate the Modify tools without any 
elements selected. If you choose this method, you must press the Enter key after selecting the 
objects you intend to modify. 


You can also switch between any of the Modify panel tools while you have elements selected. For 
example, if you initially chose Mirror — Pick Axis and selected an element during the command, 
you can simply activate the Mirror - Draw Axis command without reselecting the elements. 
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Certification USING THE MOVE TOOL 
Objective , . , , 
To relocate elements with more precision, use the Move tool rather than simply dragging them. 


The tool allows you to type in values or use temporary dimensions as helpers. 
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Moving elements is a two-click process: First, you define a start point, and then you click 
to define a destination. If you know you need to move something a specific distance, it doesn’t 
matter where your two picks take place. All that matters is that the distance between the two 
clicks is the specified distance and in the specified direction. Alternatively, you can guide the 
mouse pointer in the desired direction of the move and key in the desired dimension value. 
There are a few options on the Options bar to be aware of when the Move command is active: 


Constrain When this option is selected, it constrains movement to horizontal and vertical 
directions relative to the view. Deselecting it allows you to move the element freely as long 

as the element is not hosted. Hosted elements, such as windows or doors, always move in a 

constrained manner parallel to their host’s axis. 


Disjoin The Disjoin option is helpful when you need to move elements and eliminate any 
joining relationships the moved elements might have with other objects. This is particularly 
useful with walls in some circumstances where you may be rapidly iterating through design 
scenarios. 


You might also attempt to use the Disjoin option to move a hosted element, such as a door, 
to a new host. Don’t use the Move tool to perform this action; instead you must select the 
hosted element, and from the contextual tab in the ribbon, click Pick New Host. The object 
will be relocated to the new host you select. This method is also preferred over deleting and 
re-creating because it maintains the data associated with the original element instance. 


Multiple The Multiple option is not active for the Move tool. This option is available only 
when you switch to the Copy tool. 


NUDGING ELEMENTS 


Nudging is a simple way to push things around quickly, as you would in software programs 
such as Adobe Photoshop. When elements are selected, you can use the arrow keys on the 
keyboard to move the elements horizontally or vertically in small increments. Each press of an 
arrow key nudges the element a specific distance based on your current zoom factor. The closer 
you zoom, the finer the nudge. Note that your snap settings do not affect the nudging distances 
set by the zoom level. However, holding the Shift key while using the nudge tool increases the 
distance of the nudge. 


MOVING WITH NEARBY ELEMENTS 


A simple way to constrain freestanding elements is to use the Moves With Nearby Elements 
option. This setting is designed to capture logical relationships between elements without 
establishing an explicit constraint. When furnishing a space, for example, you probably want to 
align the bed or dresser with an adjacent wall. If you change the design of the space, you want 
the furniture to follow the wall to the new location. For this purpose, select the furniture and 
then select Moves With Nearby Elements in the Options bar, as shown in Figure 3.9. 

By setting this option, you create an invisible relationship between the bed and the wall 
so that each time you move the wall, the bed moves with it. To clarify the difference between 
this approach and other constraint relationships, you could create a wall-hosted family, but 
that would limit your placement options and would subject instances to deletion if the host is 
deleted. You could align and constrain the family to its host, but too many explicit constraints 
will adversely affect model performance. 
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The Moves With Nearby Elements option is also a simpler alternative to using a hosted 
family. When a component family does not need to cut or carve the host geometry, consider 
using a freestanding family or just a face-based family in conjunction with the Nearby Elements 
option. Refer to Chapter 14, “Designing with the Family Editor,” for more information about 
hosted versus non-hosted values. 


Certification Copying Elements 

Objective The Copy tool is another modifying tool that is nearly identical to the Move tool, but it makes a 
copy of the selected element at the location of the second pick. This tool doesn’t copy anything 
to the Clipboard; it copies an instance of an element or selection of elements in the same view. 
If you change views while using this tool, your selection is lost. 

To activate this tool, either choose elements you want to copy and then select the Copy tool 
in the Modify tab in the ribbon or activate the Copy tool first, select elements you want to copy, 
and then press the Enter key to start the copy process. Using the Options bar, you can choose to 
make multiple copies in one transaction by selecting the Multiple option. 





Modify | Multi-Select | |Constrain __Disjoin [V] Multiple 


An alternative to using the Copy tool is to use standard Windows accelerator keys to copy 
elements. To quickly copy a single element without the precision of the Copy tool, click and drag 
an element while pressing the Ctrl key on your keyboard. This technique is useful for quickly 
populating a quantity of elements in a design without the required precision of the multiple 
picks of the Copy tool. 


Coen COPYING USING WORKSETS 
jective 


If you are working in a model in which worksharing is enabled, be careful when performing any 
method of copying. These methods include pasting from the Clipboard, mirroring, and arraying, 
as well as using the Copy tool. Copied elements will always be placed on the active workset, not the 
workset of the original object. For example, if you are copying chairs that have been placed on the 
workset named Furniture but your active workset is Structure, the copied chairs will be assigned 
to the Structure workset. 
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Rotating and Mirroring Elements 


When refining or expanding your building design, you will likely find a frequent need to rotate 
or mirror one or more objects. Just as with moving or copying, there are a few methods for these 
types of interactive operations. We’ll review these methods in the following sections. 


USING THE SPACEBAR 


You can use the spacebar to rotate an element, both at the time of initial placement and after it 
has been placed. In addition to rotating an object in 90-degree increments, pressing the spacebar 
will locate any nearby non-orthogonal references (walls, grids, or reference planes) as rotation 
candidates. This is a great time-saving command to become familiar with because you can forgo 
the necessity of using an additional tool, such as Rotate or Mirror, after placing an object. Here 
are a few examples: 


Doors and Windows If you have a door with its swing in the wrong direction, select it and 
press the spacebar. You can cycle through all four possible orientations of the door using the 
spacebar. The same holds true for windows; however, many window families only let you flip 
the window from inside to outside because many windows are symmetrical in elevation. If 
you are creating an asymmetrical window family, be sure to add flip controls to the window 
family during its creation. These controls allow the spacebar to work on hosted elements. 


Walls If you select a wall, pressing the spacebar flips the element as if it were being 
mirrored about its length. Walls flip based on their location line, which often isn’t the 
centerline of the assembly. If you aren’t sure which direction your wall is facing, select it and 
look for the flip-control arrows. These are always located on the exterior side of walls (Figure 
3.10). You can also use the spacebar to flip the direction of an object. Simply select the object 
and hit the spacebar, or use it to toggle through placement options while you're locating a 
component. 


FIGURE 3.10 I 
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Freestanding Elements If you select a freestanding element, the spacebar rotates the 
element around the center reference planes defined in the family. Depending on how the 
family was built, the rotation origin may not make the most sense. If you decide to edit a 
family in order to change the location of the geometry relative to the center reference planes, 


be careful: When the family is loaded back into a project, all instances of the family will jump 
to a new location based on the change you made relative to the reference planes. 
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Certification 
Objective 


USING THE ROTATE TOOL 


To rotate an element, select it and click the Rotate tool in the Modify panel. Remember, you can 
also activate the Rotate tool first, select one or more elements, and then press Enter to begin the 
operation. This is a two-click operation similar to the Move and Copy tools. The default rotation 
point is based on the center of the selected elements; however, you will most likely want to 
designate a more meaningful center. 

To choose a new center of rotation, you have a couple of options. You can drag the center 
icon to a new location before clicking to set the starting reference angle. Note that you might 
have to zoom out in order to find the center icon. Once the center is established, begin rotating 
the element using the temporary dimensions as a reference or by typing in the angle of rotation 
explicitly. The second option is to select elements you want to rotate and then use the Place 
button in the Options bar to simply place the rotation point in the desired location without 
dragging. 





"| Disjoin |" |Copy Angle 45 Center of rotation: | Place| Default 


Note that you can also use keyboard snap shortcuts to refine the location of the center of 
rotation while dragging it. For example, type SE to snap to an explicit endpoint while dragging. 


USING THE MIRROR TOOL 


The Mirror tool allows you to mirror elements across an axis in order to create a mirror image 
of an element or multiple elements. You can either pick an existing reference in the model with 
the Mirror — Pick Axis tool or draw the axis interactively using the Mirror — Draw Axis tool. In 
Figure 3.11, the centerline of the plumbing chase wall was picked as the axis for mirroring the 
plumbing fixtures. 


FIGURE 3.11 

The sink, toilet, and 
bath fixtures are 
mirrored around the 
centerline of the chase 
wall: (a) selecting the 
axis; (b) the mirrored 
elements. 





(b) 


Like the other Modify tools you have seen so far, the Mirror tools have the option to create a 
copy of the selected elements or to simply mirror the selected elements to a new position. You 
can find the Copy option in the Options bar after you activate either of the Mirror tools. 
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Objective 
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FIGURE 3.12 
The Move To 2nd option is used 


(a) setting the array distance; 
(b) changing the number of 
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BEING CAREFUL WHEN MIRRORING 


The Mirror tools should be used carefully on any type of freestanding elements that may be asym- 
metrical in design. You can use the Mirror tools on any object, but keep in mind that performing 
this operation to suit a design may distort a product component. For example, if an asymmetrical 
chair family was loaded into your model and you decide to mirror it to fit a space layout, the mir- 
rored version of that chair may not be a viable product offered by the manufacturer. Remember that 
although an object can be scheduled, the schedule cannot determine if the object has been mirrored. 


Arraying Elements 


The Array tool allows you to copy instances of an element with equal spacing between the 
instances. You have the option to create intelligent arrays that can be grouped and associated for 
further refinement, as well as one-off, unassociated arrays. Like the other tools we’ve reviewed 
in the Modify tab of the ribbon, the array options are presented on the Options bar. 


















































BA [V] Group and Associate Number 2 Move To: ©) 2nd O Last | [| Constrain | 


You can create two types of arrays: linear and radial. Linear arrays are set as the default 
because they’re the most common. As you would expect, a linear array creates a series of elements 
in a line. Each element in the array can be given a defined distance from the previous element 
(Move To 2nd option) or can be spaced equally based on a defined overall array length (Move 
To Last option). Figure 3.12 shows a linear array where the Move To 2nd option was selected to 
define a fixed distance between each instance in the array. Think of this type of array as additive 
and subtractive: If you change the number, the length of the array increases or decreases. 
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If you want to arrange elements in a fixed space and the exact spacing between elements 
is less important, use the Move To Last option. Figure 3.13 shows an array where the location 
of its last element was picked and the elements were placed equally between the first and last 
elements. With this option, the length is fixed and the array squeezes elements within that 
constraint as the number changes. 


FIGURE 3.13 5 
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A radial array uses the same options as a linear array, but it revolves around a center point. 
The Move To 2nd and Move To Last options function as angles instead of distances in a radial 
array. You can specify the instance angle or overall array angle with two picks, or you can enter 
a specific value. With this type of array, elements auto-rotate so that each element faces the 
center of the array, as shown in Figure 3.14. 


FIGURE 3.14 
Elements will auto- 
rotate in a radial 
array. 
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The radial array is a little trickier than a linear array. Here is how to achieve the example 
shown in Figure 3.14: 


1. Download and open the file cO3-Array.rvt from this book’s companion website at 
www. sybex.com/go/masteringrevitarch2016. Activate the Level 1 floor plan. To assist 
in starting the radial array, we have provided a detail line to help locate the intended 
center of the array. 


2. Select the chair and activate the Array tool from the Modify tab in the ribbon. In the 
Options bar, select the Radial option button, change Number to 6, and choose the Move 
To Last option. 


3. In the drawing area, click and drag the grip indicating the center of rotation off the 
element and to the endpoint of the detail line provided. 


4. Click the mouse to define any starting point. An exact starting point is not important, 
because you will be defining a complete circle in the next step. 


5. Do not click a second time; instead, go to the Options bar, type 360 in the Angle option, 
and press Enter on the keyboard. 


6. Press Enter or click on any open space in the drawing area to complete the command. 


Enabling the Group And Associate option allows you to treat an array as a group that can 
be modified later to adjust the number and spacing of the array. If this option is unchecked, the 
array is a one-off operation and you have no means of adjusting it after it is created. 

As shown previously in Figure 3.12 and Figure 3.13, when an element in a grouped array is 
selected, a control appears, indicating the number of elements in the array. Editing that number 
changes the number of elements in the array. This tool comes in handy when you're creating 
certain families because the array number can be associated with a parameter or driven by a 
mathematical formula. See Chapter 14 for a detailed exercise. 


GROUPING ARRAYS OF DATUM ELEMENTS 


When developing a project for a multistory building, you may find that using the Array tool is a 
quick and easy way to generate many levels and grid lines. We recommend not using the Group 
And Associate option when arraying datum elements. Maintaining grids and levels inside groups 
can cause problems with elements that refer to those data. 


Scaling Elements 


The Scale tool lets you scale certain lines and graphic elements in 2D that are appropriate for 
scaling, such as imported raster images and 2D line shapes. Although it’s not an obvious option, 
the Scale tool can be used in Sketch mode for any type of sketch-based element in a project or 
for solid and void geometry sketches in the Family Editor. 

Keep in mind that you are working with a model made out of real-world objects, not abstract 
primitive forms. You cannot scale most elements because it’s not practical or meaningful and 
may cause dangerous errors in scheduling and dimensions. For example, you can’t scale the 
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Certification 
Objective 


size of a door, wall, or sink because they represent real assemblies and scaling them would 
mean resizing all their components. This would lead to impractical results, such as a sink being 
displayed as a fraction of its actual manufactured size. 


Aligning Elements 


If you've been using Revit software for any amount of time, you have likely discovered the 
power of the Align tool. It can supplant the need to use many of the tools we've already 
discussed, such as Move and Rotate. The Align tool lets you line up elements in an efficient way 
that works on almost all types of objects. 

With this tool, you explicitly align references from one element to another, regardless of 
the type of either object. For example, you can align windows in a facade so that their centers 
or openings are all in alignment. To use the Align tool, activate it from the Modify tab in the 
ribbon and first select the target reference—a reference to which you want to align another 
element. Next, select what you want to align to that reference—the part or side of the element 
whose position needs to be modified. The second element picked is the one that always moves 
into alignment. This selection sequence is the opposite of the other editing tools we’ve discussed 
so far, so remember: destination first, then the element to align. 

As soon as you make your second pick and the aligned element is moved, a lock icon 
appears, allowing you to constrain the alignment. If you click the icon, thereby constraining the 
alignment, the alignment is preserved if either element moves. Figure 3.15 illustrates the use 
of the Align tool to align multiple windows in an elevation view using the Multiple Alignment 
option on the Options bar. 

The Align tool also works within Filled Region model patterns, such as brick or stone 
on surfaces of model objects. Select a line on an object such as the edge of a wall, and then 
select a line in the surface pattern. Use the Tab key if you cannot get surface patterns selected 
with the first mouse click. Note that the Align tool will also rotate elements in the process of 
aligning them to objects that are not parallel. This is a real time-saver compared to moving 
and rotating. 


Trimming or Extending Lines and Walls 


You can trim and extend lines and walls to one another using the Trim/Extend tools on 

the Modify tab of the ribbon. In older versions of Revit Architecture, this function was 
assigned to a single button with three options in the Options bar. There are three separate 
tools in the ribbon: Trim/Extend To Corner, Trim/Extend Single Element, and Trim/Extend 
Multiple Elements. With the Trim/Extend tools, you first activate the tool and then operate 
on elements in the model, selecting two lines or walls that need to meet in a corner or as a 
T-intersection. 

The Trim/Extend tools are used frequently for editing sketches of floors and roofs 
because it’s easy to end up with overlapping lines that need to be trimmed to form a closed 
loop. Keep in mind that with the Trim/Extend tools, you are selecting pairs of elements to 
remain, not to remove. Although the Single Element and Multiple Elements tools are similar 
to the Extend command in AutoCAD, the behavior of the Trim/Extend To Corner tool in 
Revit Architecture is more like that of the Chamfer or Fillet command rather than its Trim 
command. 


FIGURE 3.15 

You can use the Align 
tool for lining up edges of 
windows in a facade. 
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The Trim/Extend tools for extending a single element or multiple elements function in a 
slightly different way than Trim/Extend To Corner. To extend a wall or line, first select a target 
reference; then select the element you want to extend to that target (Figure 3.16). Using the Trim/ 
Extend Multiple Elements tool, you first select the target reference; then each subsequent pick 
extends the selected element to the target reference. You also have the ability to use a selection 
box to trim multiple elements. 
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FIGURE 3.16 

Extend walls to 
references by picking 
the target (a) and then 
the wall to extend (b). 





(a) (b) 


USING TRIM/EXTEND ON LINE-BASED COMPONENTS 


You can use the Trim/Extend tools on line-based families that are either model or detail compo- 
nents. Try this using a line-based detail component for batt insulation or gypsum wallboard. The 
Trim/Extend tools will help make your detailing process much more efficient and fun! 


Splitting Lines and Walls 


The Split Element tool operates on walls and lines and lets you divide an element into two 
pieces. To cut an element, activate the Split Element tool from the Modify tab in the ribbon and 
place the mouse pointer over the edge of a wall or line. Before you click, you'll see a preview of 
the split line. The split line will automatically snap to any adjoining geometry. 

The Options bar displays a nice feature called Delete Inner Segment that removes the need 
to use any of the Trim tools after a splitting operation. In the example in Figure 3.17, the middle 
section of a wall needs to be removed so that you end up with a clean set of wall joins. Using the 
Split Element tool with the Delete Inner Segment option checked, you can accomplish this with 
two clicks and get a clean condition without having to return with any of the Trim commands. 


FIGURE 3.17 KL 
Using the Split 

Element tool with the 

Delete Inner Segment 

option checked 


SPLIT WITH GAP 


The Split With Gap tool allows you to specify a gap distance and pick a single point on a wall. 
Although the wall is divided into two separate segments, the gap distance is maintained with 
an automatic constraint. To use Split With Gap, follow these steps: 


1. Go to the Modify tab, and from the Modify panel, select Split With Gap. 


2. Specify the Joint Gap distance in the Options bar. Note that this distance can only be set 
between 1/16" (1.6 mm) and 1'-0" (300 mm). 


3. Move the mouse pointer over a wall and click to place the gap. 


Certification 
Objective 


FIGURE 3.18 

Use Offset with 
Tab-select to copy a 
chain of elements. 
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Once you have successfully split a wall with a gap, select the wall and notice the constraints 
(locks) on the gap and between the two parallel wall segments. Try to drag either of the wall 
ends separated by the gap, and you will see that the gap distance is maintained. Try to move the 
wall in a direction perpendicular to the wall segments, and you will notice that the two wall 
segments remain aligned. 

If you'd like to rejoin walls that have been split with a gap, follow these steps: 


1. Select a wall that has been split with a defined gap. 
2. Click the constraint icon in the gap to unlock the dimension constraint. 


3. Select each wall segment and click the Allow Join icon near the end of the wall that was 
split. 


4. Select the other wall and repeat step 3. 


5. Drag the wall end grip of one wall segment to the end of the other segment. The walls 
should join. 


Note that on walls with smaller gaps, the segments may automatically join as soon as you 
select Allow Join; however, rejoined segments may not form a single segment. If you have 
trouble joining two parallel wall segments into one, try to drag one of the wall ends away from 
the other and release the mouse button; then drag the segment back to the other end. 


Offsetting Lines and Walls 


Offset is similar to the Move and Copy tools in that it moves and makes a copy of an element 
by offsetting it parallel to an edge you select. You can find the Offset tool in the Modify tab of 
the ribbon. You can also specify an offset distance as an option in the Options bar when you are 
sketching lines or walls. 

This tool is especially useful in the Family Editor when you're making shapes that have a 
consistent thickness in profile, such as extruded steel shapes. The Offset tool has a Copy option 
available in the Options bar that determines whether the offsetting operation generates a copy 
of the selected elements or simply moves them. 

Remember that you can Tab-select a chain of elements and offset them in one click, as shown 
in Figure 3.18. When the Offset command is active, the dashed line appears on the side of the 
element to which the offset will be created. 
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Preventing Elements from Moving 


In some cases, you may want to make sure some elements in the model never move. An example 
of this is when you work on a renovation to an existing building. For obvious reasons, you 
would not like to move walls that are in the model and already built in reality. Other examples 
include imported drawings, grids, levels, and exterior walls. There are two ways to deal with 
this and lock certain elements, thus preventing them from moving. 


PINNING ELEMENTS 


You can restrict an element’s ability to move by pinning it with the Pin tool. Use this tool to 
lock down critical elements that need to remain fixed for long periods of time. As one example, 
this is an important tool to use on imported CAD files because it’s easy to accidentally select 
an import and drag it or move it. This kind of accidental modification can lead to coordination 
problems, even in a BIM environment. Use pins to lock down grid lines because you certainly 
don’t want to accidentally relocate those either. 

This tool is located in the Modify panel of the Modify tab in the ribbon. Select one or more 
elements for which you want to prevent movement, and click the Pin tool. If you try to move 
the element, nothing will happen—you won't even get a preview of a potential move. To unpin 
an element, select it and click the Unpin tool, which is also located in the Modify panel. You can 
also unpin an element by clicking the pin icon that appears near a pinned element when it is 
selected. 


Warning (83) 





Revit helps you avoid accidentally deleting elements. Instead of permitting the deletion and 
providing a warning, Revit will warn you that the element is pinned and instruct you to unpin 
the element before using Delete. If you select multiple elements (some pinned and some not 
pinned) for deletion, Revit deletes the elements that are not pinned and warns that you must 
unpin the pinned elements before deleting them. 


CONSTRAINTS 


Constraints aren't as rigid as the Pin tool, but they do allow you to create dimensional rules in 
the model so that elements remain fixed relative to other elements. You can create a constraint 
using dimensions or alignments and then click the lock icon that appears upon creation of a 
dimension or completion of an alignment operation. 

A simple example of using constraints is maintaining a fixed distance between a door 
and a side wall. If the wall moves, the door will also move. If you try to move the door, the 
software will not let you move it. Look at Figure 3.19; the door has been constrained to remain 
4" (100 mm) from the wall face. 
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FIGURE 3.19 

A door constrained to 
a wall can’t be moved 

independently of the 

wall. 





This type of constraint is accomplished by placing a dimension string between the 
doorjamb and the face of the wall and then clicking the lock icon on the dimension. Note that 
the dimension can be deleted while preserving the constraint. If you delete a constrained 
dimension, an alert will appear, giving you the option to unconstrain the elements or simply 
delete the dimension while maintaining the constraint (Figure 3.20). Note that you can 
determine where constraints were by creating new dimensions; constrained relationships 
will still display with the lock icon. You can also view these relationships when a constrained 
element is selected. Simply hover the mouse pointer near the constraint icon, and you will see 
the dimension constraint represented as a dashed dimension string. 


— — 


FIGURE 3.20 


Deletinga - Autodesk Revit 2016 

constrained Warning - can be ignored 

dimension generates A Dimension with Lock and/or EQ Constraints is being deleted, but the elements 
an alert: will still be constrained. Push “Unconstrain” to remove the Constraints or "OK" to 


leave elements constrained. 





REVEALING CONSTRAINTS IN A VIEW 


You may find that your modeled elements behave in an unexpected way if too many constraints 
have been applied. To assist in troubleshooting constraints, you can use the Reveal Constraints 
view mode available on the view control bar. When this temporary view mode is activated, all 
constraints on visible model elements—even constrained dimensions that have been deleted— 
will be displayed in red (Figure 3.21). 
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FIGURE 3.21 
Using Reveal 
Constraints view 
mode 
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Exploring Other Editing Tools 


A range of other editing tools are available, and we'll cover them in subsequent chapters when 
they’re used in specific operations. However, there are a few you should know about now 
because they are generic tools you can put to immediate use on any project. 


Using the Join Geometry Tool 


Joining walls to floors and roofs creates clean-looking drawings, and Revit will attempt to 
create these joins automatically; however, in some cases, elements don’t look right until they 
are explicitly joined. This is where the Join Geometry tool comes into play. This tool creates 
joins between floors, walls, ceilings, roofs, and slabs. A common use for this tool is in building 
sections, where floors and walls may appear overlapped and not joined. Figure 3.22 shows a 
floor intersecting with some walls that aren’t joined. Using the Join Geometry tool, you can 
clean up these conditions nicely. 


FIGURE 3.22 

Intersections at 

Level 2 have been 

joined: (a) unjoined; £ 


(b) joined. 
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You might notice that some joins—especially in a view set to the Coarse detail level—contain 
a thin dividing line between two elements. This is usually because the two elements you joined 
consist of differing materials. Ensuring consistent material application will give you increased 
graphic quality in your project views. 

You should also be aware that joining large host elements to many other elements may cause 
degraded model performance. One way to avoid this is to apply a black solid fill to elements in 
the cut plane of your coarse view sections and avoid overall manual joining; then selectively join 
for medium and fine views. You can do so easily by selecting the element in question (wall, floor, 
and so forth) and choosing Edit Type from the Properties palette. By default, the Coarse Scale 
Fill Pattern is set to No Pattern. Set this to Solid Fill; in all your coarse views, your elements will 
show as solid black. 


Using the Split Face and Paint Tools 


Occasionally, you may need to apply a thin material to the face of an object without making 

a new type of element. You may also need to divide an overall surface into smaller regions to 
receive different materials. You can use the Paint tool to apply materials and the Split Face tool 
to divide object surfaces. With the Paint tool, you can apply alternative materials to the exterior 
faces of walls, floors, roofs, and ceilings. This material has no thickness, but you can schedule it 
with a material takeoff schedule and annotate it with a material tag. A typical use case for these 
two tools is the application of a carpet or thin tile to a floor. See Chapter 13, “Modeling Floors, 
Ceilings, and Roofs,” for a detailed exercise on this topic. 


Copying and Pasting from the Clipboard 


Copying and pasting is a familiar technique used in almost all software applications, and 
Revit software provides the basic features you'd expect (Ctrl+C and Ctrl+V). It also has some 
additional time-saving options that are specific to working on a 3D model. 

To copy any element or group of elements to the Clipboard, select them and press Ctrl+C. 
To paste, press Ctrl+V. In the majority of cases, the software pastes the elements with a dashed 
bounding box around them. You then determine where to place the elements by clicking a 
point to define its final position. In the Options bar, you will find a Constrain option that when 
clicked will only let you define the location of the pasted content orthogonally to the original 
elements. With the elements copied to the Clipboard, you'll also find some additional tools on 
the Clipboard panel of the Modify tab. 


EDIT PASTED 


Immediately after you select a point for the location of the pasted content, you will find a new 
panel in the ribbon called Edit Pasted (Figure 3.23). You can click Finish to complete the pasting 
action or start another command. If you are unsatisfied with the pasting action, select Cancel. 


FIGURE 3.23 


are available when 


Additional actions E A L 


pasting elements. Edit Pasted Finish Cancel. 


Elements 
Edit Pasted | 
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If you select Edit Pasted Elements, a special mode will be started with the Edit Pasted 
tools appearing at the top left of the drawing area (Figure 3.24). In this mode, only the pasted 
elements are editable. You can use the Select All or Filter button to refine those elements within 
the pasted selection. When your edits are completed, click the Finish button. 


FIGURE 3.24 Se ee 
Edit Pasted mode Y Ao} [8O TA x 
allows additional 

modification of pasted 
elements. 


Filter Select Finalize Finish Cancel 
All Selected 


Edit Pasted 


PASTE ALIGNED 


If you need to paste elements with greater location control, Paste Aligned offers options to make 
the process simple and efficient. These options allow you to quickly duplicate elements from 
one view or one level to another while maintaining a consistent location in the x-coordinate and 
y-coordinate planes. After selecting elements and copying them to the Clipboard, find the Paste 
button in the Clipboard panel, as shown in Figure 3.25. 


FIGURE 3.25 
Paste Aligned options 






ir Paste from Clipboard 
Aligned to Selected Levels 


< Aligned to Selected Views | 





a Aligned to Current View 
Aligned to Same Place 
[2 Aligned to Picked Level 


Five options, in addition to the Paste From Clipboard option, are available when you click 
the Paste drop-down button. Depending on the view from which you copy and what kinds 
of elements you copy, the availability of these options will change. For example, if you select 
a model element in a plan view, you won't have the Aligned To Selected Views option. These 
options are as follows: 


Aligned To Selected Levels This is a mode you can use to quickly paste copied elements to 
many different levels simultaneously. When you select this option, you choose levels from a 
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list in a dialog box. This is useful when you have a multistory building design, you want to 
copy a furniture layout that repeats on many floors, and selecting level graphics in a section 
or elevation would be too tedious. 


Aligned To Selected Views If you want to copy view-specific elements, such as drafting 
lines, text, or dimensions, this option allows you to paste them by selecting views from a 
list of views in a dialog box. In the list available for selection, you don’t see levels listed but 
rather a list of parallel views. For example, if elements are copied from a plan view, all other 
plan views are listed. Likewise, if you copy from an elevation view, only elevation views 
are listed. 


Aligned To Current View This option pastes the elements from the Clipboard into the 
active view in the same spatial location. For example, if you copy a series of walls in one 
view, switch to another view in the Project Browser, and paste with the Aligned To Current 
View option, the software pastes the walls to the same x-coordinate and y-coordinate 
locations in the view you switched to. 


Aligned To Same Place This option places elements from the Clipboard in the exact 

place from which they were copied or cut. One use for this tool is copying elements into a 
design option; see Chapter 10, “Working with Phasing, Groups, and Design Options,” for an 
explanation of design options. 


Aligned To Picked Level This is a mode you can use to copy and paste elements between 
different floors by picking a level in a section or elevation. Although you can cut or copy 
elements from a plan view, you must be in an elevation or section to paste using this option. 
You might use this paste option to copy balconies on a facade from one floor to another. 


Using the Create Similar Tool 


Rather than hunting through a list of families or making copies you'd have to edit later, try 
using the Create Similar tool to add new instances of a selected element to your model. 

This tool is available in the Create panel of the Modify tab of the ribbon when an object is 
selected or from the context menu. To use this method, select an existing instance of the same 
type of element you'd like to create and click the Create Similar tool, and you will immediately 
be in a placement or creation mode according to the type of element. For example, if you use 
Create Similar with a floor selected, you're taken directly into Sketch mode, where you can start 
sketching the boundary for a new floor. 


Using Keyboard Shortcuts (Accelerators) 


To increase your productivity even further, you may like to use keyboard shortcuts to speed 
up common commands and minimize interruptions to your workflow. When you hover your 
mouse pointer over any tool in the ribbon, the keyboard shortcut is indicated to the right of the 
tool name, as shown here. 


Wall (WA) 


Creates a non-structural wall in the building model, 





Press Fl for more help 
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You can customize the keyboard shortcuts assigned to all commands. To access this tool, go 
to the View tab in the ribbon, find the Windows panel, and select User Interface > Keyboard 
Shortcuts. When the Keyboard Shortcuts dialog box appears (Figure 3.26), you can search for 
commands in the Search box. 


FIGURE 3.26 
Customize keyboard 
shortcuts for 
commonly used Revit = 
commands. Filter: [A1 


Search: trim 


Assignments: 
Command Shortcuts Paths 
Trim/Extend to Corner TR Modify > Modify 
Trim/Extend Single Elem... Modify> Modify 
Trim/Extend Multiple El... Modify> Modify 








Press new keys: 

















| Import... 





Once you find a command to which you'd like to assign a shortcut, select it and type the 
shortcut in the Press New Keys box. Click the Assign button, and you will see the new shortcut 
added to the selected command. Click OK to close the dialog box, and the keyboard shortcuts 
will be ready for immediate use. If you choose to modify the shortcut, understand that no 
two commands can have an identical shortcut. As an example, if you use the shortcut AA for 
Align, you can’t use AA again for the shortcut to another command. Revit will take the one that 
appears first in the list and ignore any other entries. 


Double-click to Edit 


Revit allows you to double-click families and components to launch the respective editing 
mode. Although this may be the epitome of editing efficiency, you also have the ability to 
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customize this behavior—even to completely disable it. From the Application menu, click the 
Options button. In the Options dialog box, select the User Interface settings, and then click 
the Customize button next to Double-Click Options. In the Customize Double-Click Settings 
dialog box, you will see the limits to which you can customize the behavior to your liking. 
Note that any of the actions can be set to Do Nothing and some can be set to Edit Type or 
Edit Family. 


| Family : Edit Type 

Sketched Element © | Edit Element 
Views / Schedules on Sheets Activate View : 
ake eee 


th ee ig 


| Do Nothing | | 





Modeling Site Context 


In the previous sections of this chapter, you learned about the fundamental tools for editing and 
modifying model elements. Another set of tools you should become familiar with are the site 
tools. They allow you to create a context within which your building models can be situated. For 
example, a toposurface will create a hatched area when you view your building in a section, and 
it will function as a hosting surface for site components such as trees, shrubs, parking spaces, 
accessories, and vehicles (Figure 3.27). 

The site tools are intended for use only in the creation of basic elements, including 
topography, property lines, and building pads. Although editing utilities are available to 
manipulate the site elements, these tools are not meant to be used for civil engineering like the 
functionality found in AutoCAD® Civil 3D® software is. 

In the following sections, you'll learn about the different ways to create and modify a 
toposurface, how to generate property lines with tags, and how to model a building pad within 
a toposurface. 
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FIGURE 3.27 

A toposurface can 
host components, 
such as trees, people, 
vehicles, and other 
entourage. 





Using a Toposurface 


As its name suggests, a toposurface is a surface-based representation of the topography context 
supporting a project. It is not modeled as a solid; however, a toposurface will appear as if it were 
solid in a 3D view with a section box enabled (Figure 3.28). 


FIGURE 3.28 

A toposurface will 
appear as a solid in 
a 3D view onlyifa 
section boxis used. 
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You can create a toposurface in one of three ways: by placing points at specific elevations, 
by using a linked CAD file with lines or points at varying elevations, or by using a points file 
generated by a civil engineering application. We’ll examine these techniques in the following 
exercises. 


TURNING ON AND OFF TABS 


If you don’t see the Massing & Site tab, just navigate to the Application menu and choose Options. 
From there, select the User Interface category. Here you can turn on and off any of the tabs from 


the ribbon. 


CREATING A TOPOSUREACE BY PLACING POINTS 


The simplest way to create a toposurface is by placing points in your Revit project at specific 
elevations. To create a clean outer edge for your toposurface, we suggest drawing a large 
rectangle using detail lines in your site plan. When you are creating a toposurface by placing 
points, there are no line-based geometry tools; however, points can be snapped to the detail 
lines. The following exercise will show you how to create a toposurface by placing points: 


1. Begin by opening the file cO3-Site-Tools.rvt or c03-Site-Tools-Metric.rvt, 
which can be downloaded from this book’s companion web page. 


2. Activate the floor plan named Site, and you will see a rectangle created from detail lines. 
3. Go to the Massing & Site tab, and from the Model Site panel, click Toposurface. 
Notice in the contextual tab in the ribbon that the default tool is Place Point. 


4. Notice the Elevation value in the Options bar. Set the value of the points you are about to 
place. 





Drar Elevation 20.0 Absolute Elevation x 


Also note that the elevation values are always related to the Revit Project Base Point. They 
do not relate to the elevation of any shared coordinates. 


5. With the Elevation value set to 0'-0" (0 mm), place a point at each of the left corners of the 
rectangle. 


6. Change the Elevation value to 20'-0" (6,000 mm), and then place a point at each of the 
right corners of the rectangle. You will notice the contour lines of the surface begin to 
appear after the third point of the surface is placed. 


7. In the contextual tab of the ribbon, click Finish Surface (green check mark) to complete 
the toposurface. Activate the Default 3D view, and you will see the sloping surface, as 
shown in Figure 3.29. And keep in mind that this will be a thin surface, not a solid. Notice 
that the 3D view in this project already has the section box property enabled. To adjust 
the section box, activate the Reveal Hidden Elements tool in the view control bar. 


8. Save the file for use in a subsequent exercise in this chapter. 
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FIGURE 3.29 

A simple toposurface 
created by placing 
points 





Certification CREATING A TOPOSUREFACE FROM IMPORTED CAD DATA 
Objective 
iil A common workflow you may encounter involves the use of CAD data generated by a civil 


engineer. In this case, the engineer must create a file with 3D data. Blocks, circles, or contour 
polylines must exist in the CAD file at the appropriate elevation to be used in the process of 
generating a toposurface in Revit. 

In the following exercise, you will download a sample DWG file with contour polylines. You 
must link the file into your Revit project before creating the toposurface: 


1. Download and open c03-Site-Link.rvt or c03-Site-Link-Metric.rvt from this 
book’s website. 


2. Download the file cO3-Site-Link.dwg from this book’s web page. 
3. Activate the Site plan in the Project Browser. 


4. Goto the Insert tab in the ribbon and click the Link CAD button. Select the c03-Site- 
Link.dwg file and set the following options: 


Current View Only: Unchecked 
Import Units: Auto-Detect 
Positioning: Auto-Center To Center 


Place At: Level 1 
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Correct Lines That Are Slightly Off Axis: Unchecked 


5. Click Open to complete the insertion of the CAD link. Open a Default 3D view to 
examine the results (Figure 3.30). 


6. From the Massing & Site tab in the ribbon, click the Toposurface button. In the Tools 
panel of the Modify | Edit Surface tab on the ribbon, select Create From Import and then 
Select Import Instance. 
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FIGURE 3.30 
Linked CAD file as 
seen ina 3D view 





7. Pick the linked CAD file, and the Add Points From Selected Layers dialog box will appear 
(Figure 3.31). Click the Check None button and then select the layers C-TOPO-MAJR and 
C-TOPO-MINR. 


8. Click OK to close the dialog box. It may take a few seconds to generate the points based 
on the contour polylines in the linked file, but they will appear as black squares when 
they have all been placed. 


9. If you would like to use fewer points to define the toposurface, click the Simplify Surface 
button in the contextual ribbon and enter a larger value, such as 1-0" (300 mm). 


10. Click the Finish Surface button in the contextual ribbon tab to complete the toposurface. 
Change the visual style of the view to Consistent Colors to examine your results. 


FIGURE 3.31 
Select only the 
layers containing 3D 





contour information. 


|[Z]C-TOPO-MAJR 
|[F]C-TOPO-MINR 
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Certification 
Objective 


Creating a Toposurface from a Points File 


A less-common method for creating a toposurface, although equally effective when using linked 
CAD data, is using a points file. A points file is a text file that is usually generated from a civil 
engineering program. It must be a comma-delimited file (TXT or CSV format) in which the x-, y-, 
and z-coordinates of the points are the first numeric values in the file. In the following exercise, 
we have provided a sample points file that was exported from AutoCAD Civil 3D using the 
XYZ_LIDAR Classification (comma-delimited) format setting: 


1. Open the file c03-Site-Points-Start.rvt, which can be downloaded from this book’s 
web page. 
2. Download the file cO3-Points.csv from this book’s web page to your local computer. 


3. Activate the Site plan in the Project Browser. 


4. From the Massing & Site tab on the ribbon, click the Toposurface button. In the Tools 
panel of the Modify | Edit Surface tab, select Create From Import and then choose 
Specify Points File. 


5. Navigate to the c03-Points.csv file and click Open. Note that if you were using a TXT 
format file, you'd change the Files Of Type option to Comma Delimited Text. 


6. In the Format dialog box, select Decimal Feet. It is important to understand the units of 
the values in the points file to ensure that the toposurface will be created at the correct 
scale. Click OK to close the dialog box. 


7. Click the Finish Surface button in the contextual ribbon to complete the toposurface. 
Open the Default 3D view to examine your results. You may have to use the Zoom To Fit 
command to see the extent of the new toposurface. 


MODIFYING THE SURFACE WITH SUBREGION 


The points file example in the previous exercise represents a section of terrain across Lake Mead, 
Nevada. If you wanted to define an area of the toposurface with a different material but not 
change the geometry of the overall surface, you would use the Subregion tool. In the following 
exercise, you will use this tool to create a region that will represent the water of the lake: 


1. Download and open the file cO3-Site-Lake.rvt from this book’s website, and then 
activate the Site plan from the Project Browser. In this view, there are dashed detail lines 
that represent the edge of the water. 


2. Go to the Massing & Site tab in the ribbon and click the Subregion tool. 
3. Switch to Pick Lines mode in the Draw panel of the contextual ribbon. 


4. Hover your mouse pointer over one of the dashed detail lines on the left side of the 
surface, Tab-select the chain of lines, and then click to select them. You will see a purple 
sketch line appear. 


5. Repeat step 4 for the dashed detail lines at the right side of the surface. 


6. Switch to Line mode in the Draw panel of the contextual ribbon, and draw a line 
connecting each open end of the water edge lines, as shown in Figure 3.32. 
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FIGURE 3.32 i 
The sketch boundary 

for a subregion must 

be a closed loop but 

can overlap the edge 

of the toposurface. 





a E 
ee 
———— 

E 

i 

F 


7. Click Finish Edit Mode in the contextual ribbon to complete the subregion. 
8. Activate the Default 3D view and select the subregion you created in the previous steps. 


9. In the Properties palette, select the Material parameter, and click the ellipsis button to 
open the Material Browser dialog box. Locate and select the material named Site - Water. 
Note that you can easily find this material by typing Water in the search field at the top of 
the dialog box. 


10. Click OK to close the Material Browser dialog box; you will see the results in the 3D view, 
as shown in Figure 3.33. 


FIGURE 3.33 

The subregion 

is assigned a 
different material 
for visualization 
purposes. 
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When you use the Subregion tool, the geometry of the original surface remains unchanged. 
If you no longer need the subregion, you can select it and delete it. Be aware that topographic 
surfaces cannot display surface patterns assigned to materials. 


USING THE SPLIT SURFACE TOOL 


If you need to divide a topographic surface into separate parts for the purpose of editing 

the geometry, you can use the Split Surface tool. With this tool, you can sketch a single line 
along which the surface will be divided into two editable entities. These separate entities can 
be recombined later using the Merge Surfaces tool. In the following exercise, you will split a 
topographic surface and edit some of the points. Remember that you can also use Split Surface 
to delete a portion of a topographic surface. Here are the steps: 


1. Open the file c03-Site-Tools.rvt or c03-Site-Tools-Metric.rvt you saved in the 
“Creating a Toposurface by Placing Points” exercise. 


2. Activate the Site plan in the Project Browser. 


3. Go to the Massing & Site tab in the ribbon and click the Split Surface tool. Remember that 
you should use the Subregion tool if you plan to assign a different material only to the 
split region of the original surface. 


4. Select the topographic surface and you will enter Sketch mode. Using the Line mode in 
the Draw panel of the contextual ribbon, draw two lines that overlap the edges of the 
surface, as shown in Figure 3.34. 


FIGURE 3.34 
Sketch lines that 
overlap the edge 
of the topographic 
surface. 


5. Click Finish Edit Mode in the ribbon, and you will see the split surface highlighted in 
blue. 


6. Activate the Default 3D view, and turn off the Section Box option in the Properties 
palette. 


7. Select the split surface, and click the Edit Surface tool in the Modify | Topography tab of 
the ribbon. 
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8. Select the point at the outer corner of the topographic surface, and change the Elevation 
value in the Options bar from 20'-0" (6,000 mm) to 10'-0" (3,000 mm). 


9. Click the green check (Finish Edit Mode) in the contextual ribbon, and you will see the 
result shown in Figure 3.35. 


FIGURE 3.35 

A split region after 
editing the elevation 
of a corner point 





10. To illustrate the difference between a split surface and other topographic surface edits, 
select the main surface and click Edit Surface in the contextual ribbon. Select the point at 
the upper corner opposite from the split region and change the Elevation value to 10'-0" 
(3,000 mm). Notice the difference in how the surface slope is interpolated between the 
other points on the surface (Figure 3.36). 


FIGURE 3.36 
Compare the 
difference between 
an edited split region 
(a) and an edited 
point directly on the 
surface (b). 
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Creating a Building Pad 


A building pad in Revit terminology is a unique model element that resembles a floor. It can have 

a thickness and compound structure, it is associated with a level, and it can be sloped using slope 

arrows while you're sketching its boundary. The building pad is different from a floor because it will 

automatically cut through a toposurface, defining the outline for your building’s cellar or basement. 
The process of creating a building pad is virtually identical to that of creating a floor. Let’s 

run through a quick exercise to create a building pad in a sample project: 


1. Open the file c03-Site-Pad.rvt, which can be downloaded from this book’s web page. 


2. Activate the floor plan named Site in the Project Browser. You will see an existing 
topographic surface and property line. Notice that reference planes were created to 
demarcate the required zoning setbacks from the property line. Foundation walls have 
been created within these reference planes. 


Note that you don’t have to create a property line and walls before creating a building pad. You 
might create a building pad before any other building elements. Just realize that you can use 
the Pick Walls mode to associate the boundary of the building pad with the foundation walls. 


3. Activate the Cellar floor plan from the Project Browser. 


4. Go to the Massing & Site tab in the ribbon, and click the Building Pad button. In the 
Properties palette, change the Height Offset From Level value to 0. 


5. Switch to Pick Walls mode in the Draw panel of the contextual ribbon, and then pick the 
inside edges of the four foundation walls. You can use the Tab-select method to place all 
four lines at once. 


6. Click the Finish Edit Mode button in the contextual ribbon to complete the sketch, and 
then double-click the section head in the plan view to examine your results. Notice that 
the top of the building pad is at the Cellar level, and the poché of the topographic surface 
has been removed in the space of the cellar (Figure 3.37). 


If you are working on a project that has a complex site condition that might require several 
building pads at different elevations, you should be aware that the pads cannot overlap; 
however, they can share common boundary edges. To help avoid this situation before you get 
too involved in modeling any of the pads in your project, try using detail lines in your site plan 
to lay out the pad design first. 


FIGURE 3.37 

This section view 
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building pad adjusts 

the extents of the ERER 
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ADJUSTING THE SECTION POCHÉ FOR TOPOGRAPHIC SURFACES 


If you would like to customize the settings for the fill pattern and depth of poché, click the dialog 
launcher at the bottom of the Model Site panel in the Massing & Site tab of the ribbon. This will 
open the Site Settings dialog box, shown here. 


FEIE E 
Site Settings 
Contour Line Display 
V] At Intervals of: 
Additional Contours: 


“Tage val ‘Secondary Corto 1 


Section Graphics 
Section qut material: Elevation of poche base: 


Site - Earth A | -10' 0” 


Property Data 
Angle Display: 


| Degrees from N/S Sp c minutes seconds -| 
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As you can see in this dialog box, you can change the Section Cut Material and the Elevation Of 
Poche Base settings. Note that the elevation value is in relation to the Project Base Point. You can 
also adjust the display format of contour lines shown on topographic surfaces, as well as the units 
displayed by property lines. 


Generating Property Lines 


Property lines are used to delineate the boundary of the lot within which your building will be 
constructed. These special types of lines are different from simple model lines or detail lines 
because they can be tagged with standard property line labels that will display segment lengths 
along with bearings. The property line object can also report its area in a special tag. 
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You can create a property line in one of two ways: by sketching lines or by entering distances and 
bearings in a table. In the following exercise, you will create a simple property line by sketching and 
converting the sketched property line into a table of distances and bearings for comparison: 


1. 


6. 


FIGURE 3.38 

A property line can 
be defined in a table 
of distances and 


bearings. 


Open c03-Site-Prop-Lines.rvt or c03-Site-Prop-Lines-Metric.rvt, which you 
can download from this book’s companion web page. Activate the Site plan view in the 
Project Browser. 


Go to the Massing & Site tab and click the Property Line button. When prompted by the 
Create Property Line dialog box, choose Create By Sketching. 


Switch to the Rectangle tool in the Draw panel of the contextual ribbon and draw a 
rectangle measuring 120'x70' (36 m x 21 m). 


Click the Finish Edit Mode button in the contextual ribbon to complete the sketch. 


With the property line still selected, click the Edit Table button in the Modify | Property 
Lines tab of the ribbon. You will be prompted with a warning that you cannot return 

to Sketch mode once the property line has been converted to a table of distances and 
bearings. Click Yes to continue. 


You will now see each vertex of the property line expressed as a distance and a bearing, 
as shown in Figure 3.38. 


Click OK to close the Property Lines dialog box. 


Closed 
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TAGGING PROPERTY LINES WITH AREA 


In standard construction documentation, it is customary to annotate each vertex of a property 
line with its distance and bearing. There are two different types of tags you can use to annotate 
property lines. In the following exercise, you will load these two types from the Revit default 
library and tag each segment of the property line, as well as display the area contained within it. 


1. Go to the Insert tab of the ribbon and click the Load Family button. Navigate to the Revit 
default library; double-click the Annotations folder and then the Civil folder. 


2. Locate the following files and select them both by pressing the Ctrl key (the equivalent 
metric library families are shown in parentheses): 


@ Property Line Tag.rfa(M_Property Line Tag.rfa) 
@ Property Tag - SF.rfa(M_Property Tag.rfa) 
3. Click Open to load both families. 


4. Go to the Annotate tab of the ribbon and click Tag By Category, and then deselect the 
Leader option in the Options bar. 


5. Click each segment of the property line to place the tags indicating the distance and 
bearing, as shown in Figure 3.39. 


FIGURE 3.39 

Tags are applied to 
display the distance 
and bearing of each 
segment of the 
property line. 
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Now that you have tagged the individual vertices of the property line, it is time to display the 
area within the property line. This process is not the same as applying an area tag because an 
area object doesn’t exist for the property line. Instead, the annotation family Property Tag - 
SF.rfa(M_Property Tag.rfa) is designed to apply to the property lines when all its segments 


are selected. 


You can try this with the property line you created earlier. Go back to the Annotate tab in 
the ribbon and click Tag By Category. Instead of picking a single vertex of the property line, 
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hover your mouse pointer over one segment and use Tab-select to highlight the entire chain of 
property line segments. Click to place the property area tag. Click the question mark above the 
area to change the name of the property line, as shown in Figure 3.40. 
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Cut/Fill Schedules 


As we mentioned earlier, Revit site tools are not meant to replace civil engineering software 
programs. We have shown you how to create a topographical surface in a variety of ways as well 
as some methods of modifying these objects. There is also a way to quickly quantify how much 
earth is displaced by proposed changes to existing topography. This is commonly referred to as 
a cut/fill schedule. 

One easy way to demonstrate the use of a cut/fill schedule is through the creation of a 
building pad that automatically modifies the topographic surface. Let’s go through a quick 
exercise to examine this process: 


1. Open the file c03-Site-Cut-Fill.rvt, which can be downloaded from this book’s web 
page. 
In this file, open a default 3D view, select the toposurface, and you will notice that the 


topographic surface has been assigned to the Existing phase in the Properties palette. 


2. From the View tab in the ribbon, click Schedules and then select Schedule/Quantities to 
open the New Schedule dialog box. 


3. From the Category list, choose Topography, set Phase to New Construction, and then 
click OK. 


4. In the Fields tab of the Schedule Properties dialog box, choose Name, Projected Area, Net 
Cut/Fill, Phase Created, and Phase Demolished, clicking Add after each one. Click OK to 
close the dialog box. 


10. 
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While you are still in the working view of the schedule, go to the Properties palette 
and set the Phase Filter of the schedule to Show Previous + New. This will allow only 
the modified toposurfaces affected by the Graded Region command to appear in the 
schedule. The complete existing topography will not be listed in the schedule. 


Activate the Cellar plan from the Project Browser, and create a building pad in the same 
way you created one earlier in this section. 


After you complete the creation of the building pad and the topographic surface is 
modified, notice that the Net Cut/Fill values in the topography schedule still have a value 
of 0. This is because the Graded Region tool must be used on a surface to generate the 
differences required to calculate what volume must be cut versus filled in the proposed 
design. 


Tile the open Revit windows so you can see both the Default 3D view and the topography 
schedule. 


On the Massing & Site tab, click the Graded Region tool, and you will see a dialog box 
appear with two options to continue the command. Choose the option Create A New 
Toposurface Exactly Like The Existing One. This option creates overlapping existing and 
proposed surfaces, which will allow the software to schedule the differences between the 
two as cut or fill volumes. 


Select the existing toposurface, and you will see the volume values in the topography 
schedule update to reflect how the excavation for the building pad affected the overall 
soil. Note that this type of calculation does not account for various construction methods, 
such as backfilling. 


Click the Finish Surface icon in the contextual tab of the ribbon to complete the Graded 
Region command. 


Activate the Section 1 view to see the building pad more clearly. Try selecting the building 
pad and changing the Height Offset From Level value in the Properties palette. Observe how 
the Net Cut/Fill values change as the pad defines the scope of excavation for the foundation. 

You can also make the topography schedule easier to read by assigning descriptive 
information to each topographic surface. Select the surface and enter a value in the Name field 
in the Properties palette. Change the name of the main surface to Existing Grade and then 
locate the surface where the building pad is. Change its name to Pad Area and observe the 
topography schedule once again. 


SELECTING TOPOSURFACES WITH THE FILTER COMMAND 


If you have trouble selecting the toposurfaces, you can select the objects in the drawing window 


with a crossing window and use the Filter command to select each toposurface. 


If you would like to explore the completed project file for this exercise, you can download 
c03-Site-Cut-Fill-FINISHED.rvt from this book’s companion web page. 
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The Bottom Line 


Select, modify, and replace elements. Many fundamental interactions are supported by 
Revit software to select just what you need and to modify elements efficiently. 


Master It How can you quickly select only the door tags in a plan view and switch them 
to another type? 


Edit elements interactively. The editing tools in Revit are similar to those found in other 
CAD and BIM software programs. Tools such as Move, Copy, and Trim are available on the 
Modify tab of the ribbon. 


Master It How do you create a parametric repetition of an element? 


Use other editing tools. Beyond the basic editing tools are more advanced commands to 
help you consistently and intelligently populate a building model with content. 


Master It How do you copy model elements in the same location for a multistory 
building? 
Create site context for your project. The site tools allow you to create context for your 
building models, including topographic surfaces, graded regions, and property lines. 


Master It Describe the different methods used to create a topographic surface. 


Configuring Templates and 
Standards 


In this chapter we discuss how to configure and manage standards through the development 
and use of a project template. Such templates can be rich with information that goes beyond 

the out-of-the-box content that Autodesk provides. We will present proven methods for 
establishing template settings and content as well as explain how the reuse of work will increase 
productivity with each successive project. 


In this chapter, you'll learn to: 

Define settings for graphic quality and consistency 
Organize views for maximum efficiency 

Create custom annotation families 


Start a project with a custom template 
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Develop a template management strategy 


Introducing Project Templates 


Like many other applications, the Autodesk® Revit® Architecture application allows you to start 
with a basic template and then evolve your own custom templates to suit specific needs. As your 
knowledge of the software progresses, you'll begin to create new and reusable content such as 
wall types, roof types, ceilings, stairs, tags, and other families in order to meet your design and 
documentation needs. This is also the case with regard to the graphical language that you or 
your firm has established and needs to implement within Revit. How you graphically present 
elements such as text, dimensions, annotations, keynotes, and hatch patterns defines your 
graphic style of design documentation. In reality, the architectural profession tends to develop 
stylized graphics to convey design intent, and Revit respects this by enabling the customization 
of almost all aspects of the project template. 

You can configure project templates by one or more of the following methods: 


@ Predefining all project graphic requirements 
@ Preloading the model with annotation families and styles 


@ Defining standard system families 
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FIGURE 4.1 
Starting a new project 
template from scratch 


CHAPTER4 CONFIGURING TEMPLATES AND STANDARDS 


We'll explain these methods in greater detail throughout this chapter. For now, know that you 
can save the completed settings as a new project template (with the filename extension .rte) 
and use these templates whenever you start a new project. You can create templates by using 
a completely blank project, by saving an existing project as a template, or by using one of the 
default templates provided with the Revit installation. 

To start from scratch, click the Application menu and choose New > Project. In the New 
Project dialog box, shown in Figure 4.1, choose None for the Template File option, and choose 
Project Template for the Create New option. Once you click OK, you'll be asked to choose a 
default unit of measurement—imperial or metric. This dialog box also appears when you press 
Ctrl+N or click New in the Recent Files window. 
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Starting a new project template without a base template requires you to develop all common 
content such as levels, grids, sections, callouts, tags, and model elements. If you have only 
custom graphics and system families, this approach would be appropriate; however, if much 
of your graphic style is similar to the defaults, we suggest you start with one of the default 
templates and edit it as necessary. This is also a much faster approach to get you up and 
running. You can find these templates by clicking Browse in the Template File area of the New 
Project dialog box. By default, the template files are installed in the root folder of the templates 
directory: C:\ProgramData\Autodesk\RVT 2016\Templates. 


Customizing Project Settings for Graphic Quality 


One of the most common complaints from teams implementing Revit software on their first 
projects is poor graphic quality of printed documents. When you first install the software, 
only some default settings are defined to approximate a standard graphic appearance of 
architectural drawings. For example, walls cut in sections are thicker than those shown in 
projected views and callout boundaries are dashed; however, almost all annotation categories 
are set to a line weight of 1. Fortunately, you can easily overcome these problems with some 
basic configuration. 
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g Discovering Object Styles 


The primary means of controlling graphic consistency throughout a project is through object 
Object styles. To access these settings, select the Manage tab and choose Object Styles from the 
Styles Settings panel. As shown in Figure 4.2, the dialog box is divided into four tabs: Model Objects, 
Annotation Objects, Analytical Model Objects, and Imported Objects. Settings for Line Weight, 
Line Color, Line Pattern, and Material are established for each category. 





FIGURE 4.2 
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Model Objects The Category column on the Model Objects tab lists all available categories 
and subcategories of model elements. It is important to note that the subcategories for model 
and annotation objects are created in families, which are loaded into the project or template. 
This will be discussed in greater detail in Chapter 14, “Designing with the Family Editor.” 


The next two columns, under Line Weight, define the line weight used when the elements 
are displayed in projection or cut view. You use a projection view when you're looking at the 
object from a distance; you use a cut view when your view plane is intersecting the element 
as in a section. In some categories, the Cut setting is unavailable; these element categories 
will never be cut in plan or section views, regardless of the location of the view’s cut plane. 
For categories that enable cut display, you can set element geometry in the Family Editor to 
follow that rule or not, as shown in Figure 4.3. 


Line Color and Line Pattern allow you to customize the display properties of each category 
and subcategory, but remember that printing a Revit view is WYSIWYG (what you see is what 
you get)—colors will print as colors unless you override them to print as grayscale or black in 
the Print Setup dialog box. The last column, Material, allows you to define a default material 

to be associated with the category or subcategory in case family components in that category 
don’t have materials explicitly defined. If a family has materials set to By Category, it references 
the material defined in the corresponding object style within the project environment. 
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FIGURE 4.3 
Customizing the cut 
display of geometry in 
a family 
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Annotation Objects The Annotation Objects tab is similar to the Model Objects tab except 
there are no material definitions. There is also only one column for line weight (Projection) 
because lines do not have three-dimensional properties like model objects and cannot be 


Mh 


cut 


yy 


Analytical Model Objects This tab allows you to color the various physical conditions in 
the building that correspond to the building’s structural components. Analytical settings 
only apply to structural and MEP analysis tools within Revit and are beyond the scope of 
this book. 


Imported Objects You can control the graphic appearance of layers (DWG) and levels 
(DGN) within linked or imported CAD files throughout the project on the Imported Objects 
tab of the Object Styles dialog box; however, we will cover this in greater detail in Chapter 7, 
“Interoperability: Working Multiplatform.” 


ASSIGNING LINE WEIGHT 1 


You may want to avoid assigning line weight 1 to objects because this is the weight used by most 
fill patterns. Reserving its use will help object profiles stand out compared to their patterns. 


Using Line Settings 

You can use lines in a variety of ways. Some lines relate to obvious tools, such as detail lines and 
model lines, whereas you can place others with filled regions and by using the Linework tool. 
Lines also relate to the graphic representation of model and annotation elements, as previously 
discussed. Achieving the desired graphic quality requires a review of line weights, patterns, 
and styles. 
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SETTING LINE WEIGHTS 


To open the line weight settings, click the Manage tab and choose Additional Settings > Line 
Weights. The dialog box shown in Figure 4.4 manages the printed line weights relative to a numbered 
assignment from 1 to 16. For model objects, heavier line weights vary between view scales. If you 
require more granular control between scales, click the Add button to insert another scale value 
column and edit the line weights as required. In the Perspective Line Weights and Annotation Line 
Weights tabs there is only one column to specify line weights. This is because annotation is always 
displayed at 1:1 scale and perspective views are not defined at any measurable scale. 


FIGURE 4.4 


Model line weights cana 
vary depending on the Model Line Weights | Perspective Line Weights | Annotation Line Weights | 
view scale. Model line weights control line widths for objects lke walls and windows in orthographic views. They depend on view 


There are 16 mode) line weights. Each can be oven a size for each view scale. Click on a cell to change line width. 





We recommend that you first customize the graphic appearance of model and annotation 
elements with object styles before trying to manipulate any of the information in the Line 
Weights dialog box. You should attempt to refine the line weight settings only with a rigorous 
investigation of printed views in multiple scales, because changes in one area can have an 
impact on several others. 


SETTING LINE PATTERNS 


Line patterns are created from a repetitive series of dashes, spaces, and dots. To edit or create 
line patterns, switch to the Manage tab and choose Additional Settings > Line Patterns. The Line 
Patterns dialog box, shown in Figure 4.5, displays a list of existing line patterns in the project. 

To edit an existing pattern, select a pattern from the list and then click the Edit button. Click 
New to create your own patterns. You create and edit patterns by specifying dash and space 
lengths, which will form a repeating sequence, as shown in Figure 4.6. For dots, a length value 
isn’t required. 
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FIGURE 4.5 
This dialog box 
displays all line 
patterns in the 
project. _ | Dash 1/16" 
Dash 1/8" 
Dash 3/32" 
Dash dot 
Dash Dot 3/16" 
Dash Dot 3/8" 
Dash Dot Dot 1/8"  <esseu=im-mmimimnimismismsimiimsim: 
Dash Dot Dot 3/8" 
Dash Dot Dot Dot 3/8 — --- —---—---—--- = 
Demolished 
Nemoliched IAA" 
FIGURE 4.6 


Line patterns consist 
of dashes, spaces, and 


dots. spaces. Define sequence and lengths below. 
Note: a dotis drawn as a 1. 5pt long dash. 
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USING CAUTION WHEN DELETING LINE PATTERNS 


Before deleting a line pattern, you must verify that it hasn’t been used anywhere in your project 
because Revit does not have any method for purging unused line patterns. You can do so only by 
manually checking Object Styles, Line Styles, and Visibility/Graphic Overrides. If you fail to do so, 
all line styles using the deleted pattern will be assigned as Solid. 


Frequently, a line pattern is required to include a symbol or text for elements such as fence 
lines, piping, or underground utilities. In Autodesk® AutoCAD® software, shape definitions 
can be used within linetype definitions to achieve the desired results. In Revit, these special 
lines can be created as line-based detail components. Samples of this type of custom line can be 
found by downloading the file c04-Lines.rvt or c04-Lines-Metric.rvt from this book’s 
companion web page at www. sybex.com/go/masteringrevitarch2016. 


CREATING A NEW LINE PATTERN 


Follow these steps to create a new simple line pattern: 
1. Switch to the Manage tab and choose Additional Settings > Line Patterns. 
2. In the Line Pattern dialog box, click New. 
3. Inthe Name field, type MARA Pattern. 
4. Define the sequence, as shown in the following image. 


Any dash or dot must be followed by a space, and all dashes and spaces must have a 
defined length. 


A line pattern is made up of dashes, dots, and A line pattern is made up of dashes, dots, and 
spaces. Define sequence and lengths below. spaces. Define sequence and lengths below. 
Note: a dotis drawn as a 1. Spt long dash. Note: a dotis drawn as a 1. Spt long dash. 


MARA Pattern 
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5. Confirm by clicking OK. 
The resulting line pattern looks like this: 


SETTING LINE STYLES 


Now that we have discussed the basic components of lines—weight and pattern—the two are 
combined with a color to create line styles for use in detail lines, model lines, filled regions, and 
masking regions. They are also available when the Linework tool is used to override a part of a 
model element. To open the Line Styles dialog box (shown in Figure 4.7), switch to the Manage 
tab and choose Additional Settings > Line Styles. Note that you may need to expand the list of 
line styles by clicking the plus sign next to Lines. 


FIGURE 4.7 
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In the Line Styles dialog box, notice that some of the style names are bracketed—for example, 
<Hidden>. These are internal, “system” types of lines that cannot be renamed or deleted; 
however, their weight, color, and pattern can be modified. 


USING CAUTION WHEN DELETING LINE STYLES 


If you delete a line style used in a project, any elements using the deleted style will be unable to 
reference that style anymore. The lines assigned to the deleted style will be reassigned to a common 
style such as Thin Lines—possibly producing undesirable results. 


Certification 
Objective 


Materials 
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Establishing the best styles for your templates will be completely up to you, but we will offer 
some proven examples for inspiration. First, realize that the application already uses common 
line styles such as Thin Lines, Medium Lines, and Wide Lines. If you are creating a complete 
array of customized line styles for your colleagues to use, rename the out-of-the-box styles to fit 
into your graphic standard. 

One common approach is to create line styles organized by their weight number along with 
any variable to their appearance, such as (3) Gray Dashed or +Line 01. The parentheses (or the 
use of any special characters at the beginning of the line’s name) keep your custom line styles 
sorted to the top of the list in the Line Styles dialog box as well as in the Type Selector when 
you're using a line-based tool. This approach has proven to be effective and efficient when 
creating details in drafting views or generating fill or masking regions. 

Another approach reserves certain line styles for special circumstances where lines represent 
aspects of a building in a plan, elevation, or section and must be assigned to a specific layer 
when views are exported in CAD format. For example, the crossing lines typically used to 
indicate an area-in plan that is “Open to Below” may need to be assigned to the CAD layer 
A-FLOR-BELW. This is difficult if you used a line style based solely on weight and pattern such 
as (2) Dashed. You cannot separately assign that line style to A-FLOR-BELW for the floor plan 
export and A-DETL-THIN for all other exports. Here are some examples of line styles you could 
create: 


@ Open to Below 
@ ADA Circles 

@ Curbs 

@ Fire Rating 


In summary, take care to understand the different settings when you are beginning to 
customize graphic settings for lines in the Revit template. To change the displayed weight of an 
element in a project, changes should not be made in Line Weights but rather through the Object 
Styles dialog box. For example, if you want to increase the cut line weight of a wall already set 
to (5), do not increase the value of (5) in the Line Weights dialog box. You would change this 
value by selecting (6) or (7) as the cut weight of a wall in the Object Styles dialog box. 


Defining Materials 


Defining materials in your project template is another important task that can help maintain 
graphic consistency in many other areas. Materials drive the graphic representation of elements, 
not just in a rendered view but also in hidden line views that are 2D or 3D. They are also 
responsible for cleanups between model elements because materials can merge with one another 
when elements of the same material are joined. In Figure 4.8, the surface patterns and colors are 
all derived from the material assigned to each element. 

Materials in Revit are organized into groups of properties called assets, consisting of the 
following: Identity, Graphics, Appearance, Physical, and Thermal. Let’s explore these by opening 
the Material Browser. Switch to the Manage tab and choose Materials on the Settings panel to 
open the Material Browser (Figure 4.9). The left side of the dialog box shows the materials that 
exist in the active project, including a search bar to help you quickly find materials for editing. 
Click the icon just below the search bar to show or hide the Library Panel. On the right, the 
selected material’s assets are displayed as tabs. 
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FIGURE 4.8 
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MATERIAL PROPERTIES 


Select any material in the Project Materials list and we'll step through each of the asset tabs. 


Identity Defines schedule values and keynotes for materials. Specifying correct identity 
data for your standard or typical materials will increase efficiency when you're using 
annotation such as material tags as well as facilitate quality management by aligning model 
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data such as manufacturer, model, and mark with your project specifications. In Figure 4.10, 
we've entered some sample identity data. Keywords can be entered for use with the Search 
bar, and cost data have been entered for use in a Material Takeoff schedule. The use of 
material identity data in project annotation is also discussed in Chapter 18, “Annotating Your 
Design.” 


FIGURE 4.10 


Use identity data to | |Identity| Graphics Appearance 
classify, find, tag, and I- = — : 
schedule materials. Name | Concrete - Cast-in-Place Concrete _ 
Descriptive Information 
Description | CIP concrete: rough aggregate 
Class | Concrete B ts 
Comments | | 


Keywords | concrete, cast rough 



































Product Information 
Manufacturer | 
Model | 
Cot | ———— — J 
URL | www.concrete.org isa 
Revit Annotation Information 
Keynote | 03310.)1 coal 
Mark | CN-01 





Graphics Defines shading color, surface patterns, and cut patterns. These properties will 
determine how a model element displays in non-rendered views (Hidden Line, Shaded, or 
Consistent Colors): 


Shading Defines the color and transparency of a material. Note that the color can be 
dependent on the material’s render appearance. If the Use Render Appearance option is 
selected, the color and transparency are adopted from the Appearance asset settings and 
the shading controls will be disabled. 


Surface Pattern Allows the selection of a model pattern to be displayed on the faces of 
elements in elevation, plan, and 3D views. Note that a material's surface pattern does not 
appear in rendered views; a pattern can be defined in the Appearance asset tab. 


Cut Pattern Allows the selection of a drafting pattern to be displayed when an element is 
cut in a model view. Some elements can’t be cut, as discussed previously in this chapter; 
in these cases, this setting has no effect on the graphic display and the pattern will not 
display. 
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Appearance Defines rendering attributes for use in Realistic and Ray Trace display modes 
as well as renderings. These properties will become visible only when you render a view 
and will not affect other graphic display styles, unless the Use Render Appearance option is 
selected in the Graphics asset under Shading. 


Identity, Graphics, and Appearance are the three assets that are required for every material 
in Revit. You can add Physical and Thermal assets for analysis, if necessary. 


Identity Graphics | Appearance | Physical | +| | 
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Physical Defines physical properties of a material for analysis. 


Identity Graphics Appearance | Physical (+] 
¥ Information 
Name Concrete (system) 
Description | 
Keywords 
Type Concrete 

















Subclass Foundation 


Source | 


Source URL www.concreteorg 


¥ Basic Thermal 
Thermal Expansion Coefficient 0.00001 inv"F 
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Type Solid 
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ADDING AND REPLACING MATERIAL ASSETS 


You can also replace an asset for Appearance, Physical, or Thermal properties with one from any 
asset library. Let’s review the process to add a new asset to a material. To complete the following 
exercises, download and open c04-Materials.rvt from this book’s web page. 


1. Select the material Concrete - Cast-In-Place Concrete from the Project Materials list. 


2. Click the plus button in the tabbed list of assets and then select Physical. 


Identity Graphics | Appearance E 


ed Ag OPpearance 
= 3 Physical 


Thermal 





3. The Asset Browser dialog box will open (Figure 4.11). In the asset selection tree at the left, 
expand the Autodesk Physical Assets tree and navigate to Concrete and then Standard. 
Find the asset named Concrete 3.5 ksi, and with the mouse pointer hovered over the 
asset, click the arrow located at the right end of the asset listing. 











FIGURE 4.11 re 
Use the Asset 
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fq 


4. Click the X to close the Asset Browser and return to the Material Browser. 


You will see a new Physical Asset tab next to the Appearance tab. 
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You cannot change any of the asset properties in the Autodesk Physical Assets library; 
however, after an asset has been assigned to a project (document), you can change the values. 
Let’s experiment with this process in a quick exercise. Remember that altering any physical or 
thermal assets may produce undesirable results in analysis or simulation. 


1. Continuing from the previous exercise, make sure the Material Browser is open and the 
Concrete - Cast-In-Place Concrete material is selected. Select the Physical Asset tab. 


2. Click the Duplicate This Asset icon at the top of the tab. 


It should change the name of the asset to Concrete 3.5 ksi(1). To change the name of an 
asset, expand the Information drop-down menu and click in the Name field. Change the 
name to Concrete 3.5 ksi (Custom). 


Identity Graphics | Appearance | Physical |[+] 





Concrete 3.5 ksi (Custom) 





Y Information 










Name Concrete 3.5 ksi (Custom) 
Description Concrete f'c=3.5 ksi 
Keywords structural, concrete, Concrete 3... 
Type Concrete 
Subclass Standard 
Source James V 
Source URL 









3. Change the Source field to your name and then expand the Concrete drop-down menu. 
Change the Shear Strength Modification to 1.75. 


4. Return to the Project Materials list and select Cast-In-Place. 
We will now add the customized physical asset to this project material. 
5. Click the plus button in the tabbed list of assets and select Physical. 


6. In the Asset Browser, scroll to the top of the list of assets and select Document Assets. 
From this list, you will find Concrete 3.5 ksi (Custom). Hover the mouse pointer over this 
asset and click the arrow at the end of the row to add it to the selected material. 


Another way you can quickly change assets is by using the Replace Asset command. Instead 
of manually changing each asset property, simply select a material in the Material Browser and 
in one of the asset tabs, click the Replace Asset icon. Let’s explore this functionality with another 
quick exercise: 


1. With the Material Browser still open, select the material named Concrete - Precast 
Concrete and then select the Appearance tab. 


2. Click the Replace This Asset icon in the Appearance tab. 
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3. In the Asset Browser, navigate to the Appearance Library folder and then click on 


Concrete. 


Notice that the list of assets is automatically filtered to show only those assets with the 
Aspect field specified as Appearance. 


4. Select the Smooth Precast Structural asset and double-click it, or click the replace arrow 
at the end of the row, as shown in Figure 4.12. 


5. Click the X to close the Asset Browser, and then click OK to close the Material Browser. 


FIGURE 4.12 
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PLANNING MATERIAL STRATEGIES 


It may seem impossible to imagine all the materials you'll need in a project, which may make 
the process of building a template seem daunting. Think of the basic materials you're likely 
to use—wood, brick, concrete, glass, and so on—and build from those. Remember, a template 
is just a starting point, and you can always expand it. If you create a number of high-quality 
materials over the course of a project, use the Transfer Project Standards function to copy those 
materials back into your templates. You can also create custom material libraries for your own 
reuse or for larger project teams. 

When you start to organize materials by name, there are many prevailing theories too 
numerous to list here, but here are a few suggestions: 


By Type Each material is prefixed with a descriptor such as Metal, Paint, Carpet, Wood, and so on. 


By Use Each material is prefixed with a description of its application, such as Cladding, 
Interior, Exterior, Site, and so on. 


Alphabetical 


By CSI Division Each material is prefixed with a MasterFormat numerical descriptor 
corresponding to its specification section. 


Materials have no prefixes. 
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By Mark Each material is prefixed with the designation of its Mark annotation parameter 
(for example, WD01-Wood-Cherry). 


Whatever naming convention you choose for materials, the Material Browser can help you 
organize and manage them efficiently. First, note that you can change the display of the material 
list, including sorting options, by clicking the icon at the upper right, as shown in Figure 4.13. 
You can also filter the list of materials according to the Class property by clicking the arrow at 
the upper right. 


FIGURE 4.13 
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You can also use the Search bar to quickly find matching text in any material property field. 
For example, try typing sample in the Search bar and the list will reflect those materials that 
include that term in the Keywords property. 


Project Materials: All > O = 


Search results for "sample" 


Name - 


ler Glazing - Window Glazing 
g Masonry - Glass Block 
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CREATING A SIMPLE EXTERIOR GLAZING MATERIAL 


In the early phases of design, you may want to keep the level of detail to a minimum. In fact, 
guidelines for modeling levels of development may be established as part of a BIM execution plan. 
(See AIA G202-2013 Project Building Information Modeling Protocol Form at www.aia.org/ 
contractdocs or the BIM execution planning guide from Penn State at bim. psu. edu. You can also 
reference a Model Progression Specification at www. vicosoftware.com/model-progression- 
specification.) To simplify the creation of exterior enclosures such as a curtain wall, try creating 
a glass material with a surface pattern approximating the layout dimensions of a curtain wall 
system (such as 5' X 12' or 1.5 m X 3.5 m). Then create a generic wall type using this material, and 
you will have a much lighter wall type to explore design options with great ease. 


Defining Fill Patterns 


Materials are often represented with simple hatch patterns. For any material used, you can 
define a surface pattern and a cut pattern. For simple parallel hatches and crosshatches, you can 
use the patterns already supplied or you can make your own patterns. 

For more complex patterns, you need to import an external pattern file (with the filename 
extension .pat). Such pattern definitions can be imported from pattern files used by 
AutoCAD—a process we explain later in this chapter. To create, modify, or view an available fill 
pattern, switch to the Manage tab and choose Additional Settings > Fill Patterns (see Figure 4.14). 
On the left side of the Fill Patterns dialog box, you can view the names and small graphic 
previews of the patterns. Below those are the Pattern Type options, where you choose what type 
of pattern to create and specify what type of pattern you want to edit (Model or Drafting). 


FIGURE 4.14 
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Model patterns are used to convey real-world dimensional patterns to represent a material, 
whereas drafting patterns are intended for symbolic representations. For example, a model pattern 
is used to show a brick pattern in 3D and elevation views, whereas a brick drafting pattern is 
used to represent the material in plan and section. Figure 4.15 shows how concrete masonry 
units (CMUs) are represented with a running bond pattern (model) as well as a crosshatch 
(drafting). To display cut patterns in a 3D view, a section box must be enabled and adjusted to 
intersect a model element. 


FIGURE 4.15 

The CMU wall has 
both a drafting 
pattern (cut) and 


a model pattern 
(surface) defined. 


cut pattern 





Model patterns have specific behaviors that are not dependent on any view. The scale 
you establish in a model pattern will always be that size, regardless of the view scale. In the 
example shown in Figure 4.15, the surface of the CMU wall displays a block pattern that measures 
16" x 8" (400 mm x 200 mm). If you were to change the view scale, the pattern would appear larger 
or smaller but it would always measure the same. With a drafting pattern, the opposite is true: 
The pattern adjusts with the view scale, so the pattern looks identical in all scales. 

Fill patterns are also created as one of two types: simple or custom. Figure 4.16 illustrates 
some examples of each option. 


Simple These patterns are generated with parallel or crosshatch lines that can have different 
angles and spacing. With both the Crosshatch and Parallel Lines options, you can specify only 
one angle for the entire pattern. Using crosshatch, you can set two spacing values. 
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Custom To create a more complex custom pattern, you have to import a pattern (PAT) file 
from an external source. This is often necessary because of the current limitation in creating 
natively complex patterns. Your office may have a set of established patterns that have been 
used for years, and the Custom option allows you to import and reuse them without having 
to make them again from scratch. Custom patterns let you import a PAT file from anywhere 
on your hard drive or on a network and use it as a base pattern for a new fill pattern. 


CREATING A NEW SIMPLE PATTERN 


To create a new simple pattern, first choose either Model or Drafting, and then click the New 
button. A generic pattern appears in the New Pattern dialog box. You can then design your 
pattern and assign orientation behavior. 

The option Orientation In Host Layers is particularly useful when you're making drafting 
patterns. This option allows you to specify how a pattern orients itself relative to host elements 
such as walls, floors, roofs, and ceilings when they’re represented as cut. Note that the option 
isn’t available for model pattern types. As shown in Figure 4.17, the orientation options are 
Orient To View, Keep Readable, and Align With Element. 


Orient To View When this orientation is applied, the patterns used in the project all have 
the same orientation and the same origin. They’re always perfectly aligned with the origin of 
the view. 


FIGURE 4.17 

From left to right: 
Orient To View, Keep 
Readable, and Align 
With Element 
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Keep Readable This orientation will maintain alignment with the view (that is, horizontal 
lines will remain horizontal) but will be adjusted relative to angled host elements. 


Align With Element This orientation ensures that the pattern orientation depends on the 
orientation of the host element. Patterns essentially run parallel with the element. 


CREATING A CUSTOM COMPLEX PATTERN 


Custom patterns require an external file that contains the definition of the pattern. The filename 
extension of that pattern should be .pat, which is what you'll make in this exercise by editing 
an existing AutoCAD PAT file. An advantage of specifying patterns in the template file is that 
the PAT file won’t need to be installed on each computer where the application is installed; 
patterns are stored internally in the Revit template or project file. 

Before modifying PAT files, always make a copy of the original PAT file you intend to use as a 
base; you don’t want to risk messing up other files that might already be using that original PAT 
file. PAT files can be edited with Notepad or any other text-editing application. For this exercise, 
you'll choose the AutoCAD pattern called Grass, which you can find in acadiso.pat (in metric 
units) or acad. pat (imperial units) located on this book’s web page. 


IMPORTING A CUSTOM PATTERN 


Follow these steps to make a custom fill pattern by importing an existing pattern definition: 


1. Using Notepad or a similar text editor application, open the file acadiso. pat (Metric 
patterns) or acad.pat (Imperial patterns). 


2. Highlight the lines that define the pattern, and select them: 


*GRASS,Grass area 

90, 0, 0, 17.9605, 17.9605, 4.7625, -31.1585 
45, 0, 0, 0, 25.4, 4.7625, -20.6375 

135, 0, 0, 0, 25.4, 4.7625, -20.6375 


The actual numbers in the pattern may differ slightly, depending on whether you are 
using acad1so.pat or acad.pat. 


3. Choose Edit > Copy. 


4. Open anew text file and paste the selection. (You can also open the Revit metric.pat or 
revit.pat file located in C:\Program Files\Autodesk\Revit 2016\Data, in which 
all Revit patterns are already saved. In that case, you can paste the selected text in that file.) 


5. This is the important part: In the new text file where you pasted the selected text, add the 
two lines shown boldfaced here: 


sSUNITS=MM 

*GRASS,Grass area 

3°01 YPE=DRAFTING 

90, 0, 0, 17.9605, 17.9605, 4.7625, -31.1585 
45, 0, 0, 0, 25.4, 4.7625, -20.6375 

135, 0, 0, 0, 25.4, 4.7625, -20.6375 
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> 2 at SS 


10. 


The first line that you write before the pattern text, ;%UNITS=MM, can appear only once in 
the text file. It defines the value for the units used in the pattern. In the example, the units 
are millimeters (MM); if you wanted to work in imperial units, it would be ;%UNITS=INCH. 
(If you use the option in step 4 to collect all patterns in the master PAT file, then this line 
already exists and you don’t need to add it.) 


The second statement, ;%TYPE=DRAFTING, helps define whether you're creating a 
drafting or model pattern. In this example, the pattern is the Drafting type. 


Save your text file with a .pat filename extension. 

On the Manage tab, choose Additional Settings > Fill Patterns. 

In the Fill Patterns dialog box, verify that the Drafting option is selected, and click New. 
In the New Pattern dialog box, select the Custom option. 

The lower part of the dialog box offers new options. 


Click Import, navigate to the place on your hard drive or network where you saved the 
PAT file, select it, and then click Open. 


IMPORTING PAT FILES 


It’s important to know that when you import a new pattern, the type of pattern needs to be the 
same as the new type of pattern you're making. In other words, if you're making a new model pat- 


tern, you can't import a drafting pattern. If you try to do so, you ll see a warning message like the 
one shown here: 


f 


Revit 


No “Model” type patterns found. 





In the list that appears to the right of this button, you can see the name of the pattern 
you created: GRASS, as shown in Figure 4.18. (If you have a PAT file with many patterns 
defined, you'll see all the other drafting patterns available in that list.) The name of the 
pattern automatically becomes the name of your fill pattern, but you can change that if 
you like. 


If necessary, you can adjust the scales of the imported pattern. The Preview window 
displays the graphic of the pattern, always in 1:1 scale. This informs you if you need 
to scale the pattern up or down. You'll know that you need to scale the pattern if the 
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preview appears as a solid black box—that means the pattern is too dense. As an 
alternative, if the preview box shows only white, your scale might need to be reduced. 


11. If you're happy with the result, confirm by clicking OK. 


FIGURE 4.18 

The New Pattern 
dialog box displays 
the imported PAT file 
in the Custom group. 





Orientation in Host Layers: 
(Orient To View v 





J Simple @ Custom 


Name: GRASS 
Custom 


Now that you have created a fill pattern, you can use the pattern in a number of ways. One 
of the simplest ways is to assign the pattern directly to a material. We purposely instructed you 
to create a grass pattern in the previous exercise to illustrate a limitation in Revit—you cannot 
assign a surface pattern to a material that is associated with a toposurface. 

In the following exercise, you will assign the grass pattern to a material in the sample project 
that has already been assigned to a toposurface. We will then show you how to create a new 
filled region type in order to create a symbolic representation of grass in the site plan. 


1. Continuing with the c04-Materials.rvt file, switch to the Manage tab and click 


Materials. 


2. In the Material Browser, find the material named Site - Grass and choose the Graphics 
tab. Under the Surface Pattern properties, click the Pattern field and then choose the 
GRASS pattern you created in the previous exercise. Click OK. 
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The pattern will be assigned to the material, but you will be prompted with a warning 
that toposurfaces do not support surface patterns. Next, we'll create a filled region type 
and use it as a graphic indicator on a site plan. 


3. In the Project Browser, activate the floor plan named Site. Switch to the Annotate tab and 
in the Detail panel select Region > Filled Region. 


4. In the Properties palette, click Edit Type and duplicate the current filled region type toa 
new type named Grass. Set the Fill Pattern property to GRASS (Figure 4.19). 


5. Click OK to close the Type Properties dialog box, and draw a shape on the Site plan using 
any configuration of lines, making sure your lines form a closed loop. 


FIGURE 4.19 
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Remember to click the green check mark in the contextual ribbon to complete the sketch 
of the filled region. You can even experiment with the <Invisible Lines> type to achieve 
results similar to those shown here. 
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Preconfiguring Color Schemes 


The use of color schemes in project documentation will be covered in greater detail in Chapter 20, 
“Presenting Your Design”; however, for now, just know that you can preconfigure them in project 
templates for a variety of scenarios. For example, an architect may perform many projects for a 
single client that uses the same department names in all of its program design requirements. The 
architect would like to ensure that an identical color scheme is used in the colored plans in all 
projects for this client. 

In the following steps, you will create a new color fill legend with some predefined 
department values and associated colors. These settings can be saved in either a custom project 
template (*. rte) or a project file (*.rvt) that acts as a container for settings to be transferred 
into another active project file. Download and open the file c04-Color-Schemes.rvt from this 
book’s web page and follow these steps: 


1. Activate any floor plan view from the Project Browser. On the Annotate tab, choose the 
Color Fill panel and select the Color Fill Legend tool. 
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2. Place a legend in the floor plan view, and you will see the Choose Space Type And Color 
Scheme dialog box. Set Space Type to Rooms and Color Scheme to Department (these 
choices can be modified later) and then click OK. 

A color scheme has not been assigned to the view. 
The legend will appear blank. To apply a color scheme to the 
view, choose a space type and scheme and press OK. 
Space Type: [Rooms sy | 
Color Scheme: [Department | 
(oc) [cence] 

3. Select the color fill legend you placed in the previous step, and click the Edit Scheme icon 
at the right end of the ribbon. The Edit Color Scheme dialog box will appear. 

4. Click the Add Value icon (the plus symbol) to populate the list of departments in the 
Scheme Definition area. Add the values as shown in Figure 4.20. Choose colors and fill 
patterns according to your graphic requirements. 

FIGURE 4.20 

Edit color schemes 

to add predefined 

values, colors, and fill 

pariers: I RGB 156-185] Solid fill 


= PANTONE 3 | Solid filt 
PANTONE 6 f Solid fill 

MD) RGB 139-166} Solid fill 
>) PANTONE 6 | Solid fill 
MD RGB 096-175} Solid fill 





9. Click OK to close the dialog box. 


6. Activate the Level 1 floor plan and, from the Architecture tab, choose the Room button 
and add rooms to the enclosed spaces shown in the plan view. For clarity, we have turned 
on the Interior Fill and Reference properties for rooms in this plan view. This will make it 
easier for you to select the rooms in the next step. 


You won't want to let these rooms remain if you save the file as a project template, but 
it will help to better visualize the color schemes if you can see them placed in a sample 
model view. 


CUSTOMIZING PROJECT SETTINGS FOR GRAPHIC QUALITY) 137 


When rooms are placed, you can either type the values for departments that match the 
predefined values in the color scheme or select the values in the Properties palette when 


each room is selected, as shown in Figure 4.21. 


FIGURE 4.21 Identity Data 
Select from Number 


predefined values in Name 
the Properties palette 


of aroom. | Occupancy 
_Department 


Base Finish — 


Ceiling Finish 

Wall Finish 

Floor Finish 

Occupant 
Phasing 

Phase 


Comments 





| HUMAN RESOURCES 


EMAAR KET 





“RESEARCH 
| SALES 


STORAGE 


_ SUPPORT 


| New Construction 


7. Select each room that you placed in the plan view, and select a Department value in the 
Properties palette according to the layout shown in Figure 4.22. The department values 
used in every project started with your project template will have the same colors and 
fill patterns according to those specified in the original color scheme. You also have a 
predefined list of your client’s department names. 


FIGURE 4.22 
Color-filled plans can 
use predefined values 
in templates. 
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At this point, you have two options for storing these types of settings. We will discuss 
strategies for managing templates later in this chapter, but for now you can either save this 
file as a project template or maintain it as a container file, which is simply a RVT file that holds 
settings you will transfer into other project files. For a container file, simply leave the file as is, 
and we will discuss the use of the Transfer Project Standards command later in this chapter. If 
you want to use this file as a project template, follow these steps: 


1. In the plan view, select all the walls, rooms, and room tags, and then delete them. 


2. Activate the Room Schedule view under Schedules/Quantities in the Project Browser. 
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3. Click in the first row of the schedule and then click the Delete button in the ribbon. 
Repeat this step until all rooms have been removed from the schedule. 


4. Go to the Application menu and then select Save As > Template. Name the file 
c04-Color-Scheme-Template.rte. 


You don't have to delete all the modeled content and rooms from your project templates; 
however, it’s likely that you will have a unique layout for each project you design. By deleting 
the sample walls and rooms, you maintained the color scheme settings with the predefined 
colors, patterns, and department names. 


Increasing Efficient View Management 


Once you've customized the settings for graphic quality, you can use several other tools and 
techniques to increase efficiency and ensure that your visual standards are applied consistently 
throughout your projects. The properties of all views can be used to your advantage in creating 
a browser organization that meets the needs of your teams. You can apply filters to views for 
generating graphic overrides based on model element parameters. You can manage and deploy 
these settings and more in view templates that can be applied to many views simultaneously. 


Organizing Views 

Maintaining a clear and consistent organization of views within a Revit project can generate 
measurable increases in project productivity. Especially in larger projects, a Revit file can have 
more than 1,000 views, which can easily cause confusion and wasted time if the right view 
cannot be found in the Project Browser when needed. 

Download and open the file c04-Browser-Org.rvt from this book’s web page. Most 
default project templates contain a few simple Browser Organization types that can be copied 
and/or customized—except for the type named All. To access these settings, switch to the View 
ribbon, find the Windows panel, click the User Interface drop-down button, and select Browser 
Organization, as shown in Figure 4.23. 
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Select any one of the listed types in the Browser Organization dialog box and click the Edit 
button. Remember, you can’t edit or delete the type named All. 

In the Browser Organization Properties dialog box (Figure 4.24) are two tabs called Grouping 
And Sorting and Filtering. Grouping And Sorting allows you to group views together based on 
selected view parameters, whereas the Filtering tab gives you the opportunity to display only 
views that pass selected criteria. 


FIGURE 4.24 
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create folders for the 

Project Browser. Browser Organization: Type/Discipline 


Specify the grouping/sorting rules for this browser organization. 


cru by: 


(@) All characters 1 Leading characters 


ON am 


‘@ All characters L S © Leading characters 


<None> 





(G) All characters =| Leading characters 


<None> 


(@) All characters = Leading characters 


| <None> 
<None > 


(@) All characters > Leading characters 





Choose the Grouping And Sorting tab to specify up to three levels of hierarchy to be shown 
in the Project Browser. Here are some examples: 


@ Family And Type, Discipline, View Scale 
@ Phase, Discipline, Family And Type 
@ Detail Level, Family, Type 
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To further organize the views in your project, you can create additional project parameters 
and assign them to views and sheets. The following is one example of adding custom text 
parameters to views for more refined organization: 


1. On the Manage tab, find the Settings panel, and click Project Parameters. 
2. Inthe Project Parameters dialog box, click Add. 


3. In the Parameter Properties dialog box, create a parameter named Zone; for Type Of 
Parameter, specify Text. Select the Instance option; then find and check the Views 
category, as shown in Figure 4.25. You may also set the Group Parameter Under value to 
Identity Data. 


FIGURE 4.25 
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4. Click OK to close both of the open dialog boxes. 


5. Return to the Browser Organization dialog box and click New. Name the new type Zone/ 
Phase and click OK. 


6. Set the following values on the Grouping And Sorting tab in the Browser Organization 
Properties dialog box: 


@ Group By: Zone 
@ Then By: Phase 


7. Click OK to close the dialog box and return to the Browser Organization dialog box. 
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8. Check the box next to Zone/Phase to make this browser setting current and click OK to 
close the dialog box. 


The Project Browser is now ready to support the use of the custom view parameters you 
created earlier. 


It is now up to you to assign values to the custom view parameters created in the previous 
exercise. These values can be assigned directly to the view properties in the Properties palette 
or by adding them to view templates. Views that do not have values for these parameters will be 
found in the browser hierarchy listed as ??? (three question marks). Figure 4.26 illustrates this 
scenario in which floor plans and ceiling plans have values assigned to the Zone parameters but 
the elevation views do not. 





FIGURE 4.26 
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Creating and Assigning Filters 


Filters are another view configuration and customization tool that can be developed and 
deployed in Revit project templates. They are similar to the filters available in schedules in 
that they can either display or hide elements matching user-specified criteria. But filters can 
also override the graphic appearance of elements within a view. The possible combination and 
application of view filters is virtually limitless, so let’s take a look at a few real-world examples. 
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First, we'll review the steps to create and assign a view filter. The fundamental steps are as follows: 
. Create a named filter. 


. Assign it to object categories. 


1 

2 

3. Assign data criteria. 

4. Add to the Visibility/Graphic settings of a view. 
5 


. Define graphic overrides. 


In the following example, you will create view filters to identify fire-rated walls with 
different colors. You can download the sample file c04-Sample-Building.rvt from this 
book’s web page. Here are the steps: 


1. Open the file c04-Sample-Building.rvt. Switch to the View tab, find the Graphics 
panel, and click Filters. 


2. Add anew named filter by clicking the New button on the right side of the dialog box. 
Name the first new filter Walls-Fire 1, use the Define Criteria option, and then click OK. 


3. When the expanded Filters dialog box appears, make sure the Walls-Fire 1 filter is 
selected, and in the Categories list, find Walls and check the category. 


4. Inthe Filter Rules at the right side, define the criterion to filter by Fire Rating Equals 1 HR 
and then click Apply. 


5. With the Walls-Fire 1 filter still selected, click the Duplicate icon twice (the second icon 
below the Filters list) and then rename the duplicated filters Walls-Fire 2 and Walls-Fire 3. 


6. Select Walls-Fire 2 and change the value in Filter Rules to 2 HR and click Apply. 


7. Select Walls-Fire 3 and change the value in Filter Rules to 3 HR, as shown in Figure 4.27, 
and then click Apply again. 


FIGURE 4.27 
Filter rules applied to 
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8. Click OK to close both of the Filters dialog boxes. 


9. Activate the Level 1 floor plan, open the Visibility/Graphic Overrides dialog box, and 
select the Filters tab. 


10. Click the Add button, select all three filters you created in the previous steps, and click 
OK. 


11. Click the Override button in each filter row under Cut-Lines and change the line color as 


follows: 
@ Walls-Fire 1 = Green 
@ Walls-Fire 2 = Yellow 
@ Walls-Fire 3 = Red 
12. Click OK to close the Visibility/Graphic Overrides dialog box. 


With the filters now applied to the floor plan, walls that have been assigned a fire rating 
value will appear with the color overrides you assigned to the respective filters. You can create 
more filters to define graphic styles for specific model elements such as furniture by owner, 
interior walls, secure doors, or equipment not in contract. 





Using View Templates 
After you have defined your desired settings in as many view types as possible, you can use 
view templates to manage these settings and apply them to other views of the same type. The 
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use of view templates will be discussed in various chapters of this book, but we will discuss 
their importance to the project template in this section. Let’s begin by opening the View 
Templates tool: 


1. On the View tab, find the Graphics panel and select View Templates > Manage View 
Templates. 


In the View Templates dialog box (Figure 4.28), you will find icons to duplicate, rename, 
or delete view templates below the list on the left. On the right are the view properties 
that can be applied when the view template is applied to a view. 


FIGURE 4.28 
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Notice the column named Include on the right of this dialog box. This column allows you 
to include or exclude various view properties when you're applying the view template. 

In Figure 4.28, notice that View Scale and Detail Level are not included (unchecked). This 
would allow you to apply this template to plans of multiple scales and detail levels, while 
applying settings such as visibility of Object Styles, Phase Filter, and View Range without 
affecting the View Scale or Detail Level settings. 
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Also notice in Figure 4.28 the custom view parameter we created earlier: Zone. This value 
can be applied with the view template, which will have the effect of cataloging the views 
in a customized hierarchy within the Project Browser. Changes to view templates are 
automatically reflected in the views to which they have been assigned. 


2. Click OK to close the window. 


The only way to assign a view template to a view is in the Properties palette. Select any view 
in the Project Browser and then examine the Properties palette to locate the View Template 
parameter. If the View Template parameter button displays as <None>, then no view template 
has been assigned. Click the button to launch the Apply View Template dialog box, and choose 
an appropriate view template. In contrast to this assigning workflow, view template properties 
can be applied to individual views. Applying a view template is a one-time application. Future 
changes to the view template will not change a view where a template was applied. You can 
apply a template in various ways, including the following: 


@ Select multiple views in the Project Browser, right-click, and then select Apply View 
Template from the context menu. 


From the View tab, click View Templates > Apply Template Properties To Current View. 


Select multiple sheets in the Project Browser, right-click, and then select Apply View 
Template To All Views from the context menu. 


Any of these methods will apply the properties of a view template, but it will not assign the 
view template to the view. If you use these methods and a view happens to have a view template 
already assigned, a message will prompt you to partially apply the properties that are not being 
managed by the view template assigned to the view. 


Target views have a View Template assigned. 
Would you like to continue and partially apply 
this template? 


Applying this view template will only affect those properties 
which are not controlled by a view template assigned in the view 
properties, 





Any properties listed in the View Templates dialog box, shown previously in Figure 4.28, 
that are selected in the Include field will not be changed if you choose to partially apply view 
template properties to a view with an assigned template. For example, if model object styles are 
included in the assigned view template and you are attempting to apply template properties that 
also have model object style modifications, the model object settings from the assigned view 
template will not be overridden from the applied properties. 

Despite these relatively intuitive methods for applying view templates, you can increase 
efficiency on larger projects by assigning a default view template for each view type. In the 
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following exercise, continue to use this chapter’s exercise file c04-Sample-Building.rvt from 
the filters exercise, and follow these steps: 


FIGURE 4.29 
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4. Click OK to close the Type Properties dialog box. 


You should notice that the Level 1 Design floor plan in the Project Browser is now listed under 
Floor Plans (Design Plans); however, the view template has not been applied to this view yet. 


. In the Properties palette, click the View Template field button, select the Design Plan 


template, and then click OK. 


The floor plan view should appear changed, no longer displaying any annotation. 


- From the View tab, click Plan Views > Floor Plan. In the New Floor Plan dialog box, select 


Design Plans in the Type drop-down list and then select Level 2 from the list. 
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7. Click OK, and a new floor plan for Level 2 will be created that has the Design Plan view 
template already assigned. Rename this view as Level 2 Design. 


The workflow described in the previous exercise will help you spend less time configuring 
view settings and more time focused on your designs. Including view templates in your project 
template will give your teams the ability to quickly apply your standard view settings. It will 
also support continued consistency as each building project grows in scope and size. Remember 
that view templates are easily shared between projects using the Transfer Project Standards tool, 
which we will discuss later in this chapter in the section “Strategies for Managing Templates.” 


Creating Custom Annotations 


We are avid supporters of global graphic standards for architecture and engineering, such as the 
United States National CAD Standard (ww. nationalcadstandard.org), but in reality many 
architects and designers will likely have their own set of graphic conventions that will need to 
be implemented in their Revit projects. Placing customized annotation families in your project 
template will save time when you're starting new projects and ensure maximum compliance 
with your firm’s conventions. You can load tag families into the template using several methods: 


@ Switch to the Insert tab, and in the Load Library panel, select Load Family. 


@ Using Windows Explorer, select RFA tag families and drag them into the Revit project 
environment with the template open. If you try to drag more than one family at once, you 
are prompted to either open each of those files in an independent window (so you can 
modify them) or load them all in the current project. Choose the second option. 


@ Use the Loaded Tags And Symbols tool available in the Annotate tab when you expand 
the Tag panel (Figure 4.30). This tool allows you to preview all loaded and preset tags and 
symbols that will be used for respective element categories. 


ARCHIVING AND MANAGING CUSTOM CONTENT 


Many new users are unsure where to store custom-created families. It isn’t advisable to save them 
in the system folders created during the installation of Revit because you may lose track of them 
or inadvertently delete them when you reinstall the software. Reinstalling the application erases 
just about any folder and its entire contents. It is thus wise to keep your personally created content 
elsewhere, under a separate, independent folder; if you are not a single user, store that folder ona 
shared network drive. Remember that you can always include additional library shortcuts in the 
application options. Just select File Locations and click the Places button from the Options menu. 


You should also keep your templates up-to-date as you add more content; that way, you need to 
maintain only a few template files rather than dozens of separate family files. It’s even better if 
you can establish a template manager as a role within the office so everyone isn’t making graphical 
changes to your templates. 


In the following sections, we'll walk you through creating some common element tags and 
customizing system annotation. 
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FIGURE 4.30 
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Introducing Tag Family Fundamentals 


Tags in Revit have various similarities and differences to annotation symbols you might find 
in a CAD application. They are similar in that they are created at 1:1 scale and contain lines 
and other graphic elements. The main difference is that Revit tags merely report information 
from model elements, whereas a CAD-based symbol usually holds an attribute value that does 
not directly relate to the annotated building element. These dynamic annotation elements are 
referred to as labels within a Revit family, whereas static annotation is simply known as text. 

Before you begin to customize annotation families or create your own, let’s take a detailed 
look at the difference between text and labels. 


Text In the Family Editor, placing text in an annotation family or title block means you're 
defining text that will always be the same and is unchangeable when that family is placed 
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in the project environment. Figure 4.31 shows the words AREA and VOLUME as text. 
Regardless of where this room tag is placed, the text will always say AREA and VOLUME. 
Section tags work the same way: If you add static text, that text appears exactly the same for 
all section marks. This technique isn’t typically used for sections because each section is a 
reference to a unique view, and you want that information to be dynamic and parametric. 
That’s where label functionality comes into play. 


FIGURE 4.31 
Floor plan showing 
the room tag 


UNIT 4 


201 


AREA: 36 m2 
VOLUME: 108m3 





Labels Like static text, a label offers textual information; however, it’s a live reference to a 
parameter value of an element in the project. For example, if you add an Area label, it will 
pull the value of the area of the room; if you add a Sheet Number label in a Section Head 
family in the Family Editor environment and then use that section head in a project, the label 
will automatically display the actual sheet number on which the section view is placed in the 
project. If you move the section view from one sheet to another, the label will automatically 
report the new sheet number. 


In Figure 4.31, UNIT 4 is a label reporting the room name; the number 201 is a label reporting 
the room number. The label behaves as dynamic text and is always fully coordinated with 
the value of the model element parameter it represents. 


Creating a Custom Door Tag 
Imagine you could use the actual width and height of a door element to drive the tag value. You 
can! As an example of creating custom tags for a basic model element, use the following steps to 
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create the custom door tag shown in Figure 4.32. You can download the template files from this 
book’s web page if you can’t find them in the default location. 


FIGURE 4.32 
Creating a custom 
door tag 


FIGURE 4.33 la 
Adding more than one 
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Click the Application menu and select New > Annotation Symbol. 


In the New Annotation Symbol dialog box, select the family template called Door Tag 
.rft or Metric Door Tag.rft, and click Open. 


The Family Editor opens in a view with two crossing reference planes, the intersection of 
which represents the origin of the tag. To avoid problems later, don’t move these planes. 


On the Create tab, find the Text panel and select Label. Click the intersection of the two 
planes to position the label. 


Note that text and labels do not snap to geometric references; therefore, you will have to 
manually adjust the placement of labels to achieve the desired alignment. 


In the Edit Label dialog box that opens, select Width from the column on the left, and 
click the Add Parameter(s) To Label icon between the Category Parameters and Label 
Parameters fields, as shown in Figure 4.33. Then do the same for Height. 


The Width and Height parameters will be concatenated in a single label, which will 


display the actual size of the door in the tag. In the subsequent steps, you will customize 
the display of the label. 
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5. Add a space and the letter x in the Suffix column of the Width parameter, and change the 
number in the Sample Value column to 36 (in) or 1000 (mm). Change the sample value of 
the Height parameter to 80 (in) or 2000 (mm). 


6. With the Width row selected (click on row 1), click the Edit Parameter’s Units Format icon. 
In the Format dialog box, uncheck the Use Project Settings option and set the following: 


@ Units: Decimal Inches (or Millimeters) 

@ Rounding: 0 decimal places 

@ Unit Symbol: None 
7. Repeat the previous step for the Height parameter. 
8. Click OK in all open dialog boxes. 


9. On the Create tab, activate the Masking Region tool and sketch a six-sided polygon, as 
shown previously in Figure 4.32. 


Remember to finish the sketch by clicking the green check mark in the Mode panel. 

A masking region is used instead of just lines because it will allow the door tag to 
obscure any geometry if it is placed over a model object. If you do not need this graphic 
convention, simply create the tag outline with lines. 


10. Save your tag and load it into your project template. 


Make sure that it is specified as the default tag for doors in the Loaded Tags And Symbols 
dialog box, and use the Tag By Category or Tag All Not Tagged tool or place new doors 
with the Tag On Placement option. Using concatenated parameters in tag labels allows 

a great deal of flexibility while utilizing actual parametric values. In this example 

(Figure 4.34), the actual Width and Height parameters driving the door size become the 
text displayed in the tag. 


FIGURE 4.34 / 
{ 36 x 84 ~ 
The custom tags CICR ( 30x80 Y 


applied to doors y i 

. r - 
comprise actual door f Z 
sizes. 


SETTING SOME DEFAULTS 


To aid the users of your custom templates, take some time to establish default values for common 
elements, such as doors, windows, rooms, grids, sheets, and levels. Create one of each element and 
change the Mark value to a number just below the value at which you d like your users to begin. As 
an example, enter a value of 0 if you want your users to begin with 1. Unfortunately, this approach 
does not work for letters because nothing comes before A. 
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FIGURE 4.35 
Creating a SIM type 
section tag | 


FIGURE 4.36 
The default tags 
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Customizing View Tags 


Section, callout, and elevation tags are graphic indicators that reference (link to) other views 

in your project. The graphics for these elements can be customized to meet most scenarios. To 
create a custom section tag, for example, you have to first create a custom section tag family 
and a section tail family and then load them into a template or project. You must then associate 
them with a section tag system family type, which is then assigned to a section type. Switch 

to the Manage tab, and choose Additional Settings > Section Tags; you will see the application 
of separate section head and tail families in a section tag system family type, as shown in 
Figure 4.35. 


Section Tail - Rid: AAJ r L 
Erken fecha Driplery Sir Tappi 





In simple terms, view tags are organized in the following hierarchy: The view type refers to a 
Callout Tag type (and a Section Tag type for section views); the Section Tag type then refers to a 
section head family and a section tail family. 

By default, there is a predefined view tag for each view type. The graphics can vary 
depending on the language version of Revit you have installed on your machine. The view tags 
shown in Figure 4.36 are displayed and available by default in the U.S. English version. 





CREATING A CUSTOM SECTION TAG 


In the next exercise, you will create a section tag that looks like the one shown in Figure 4.37. 
You'll first need to create a section tag family using the Family Editor before loading the section 
tag family into the template. You can download the template files from this book’s web page if 
you can’t find them in the default location. 
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FIGURE 4.37 
Customizing the 
section tag 

















To begin, follow these steps: 
1. Click the Application menu, and select New > Annotation Symbol. 


2. Inthe New Annotation Symbol dialog box, select the family template called 
Section Head.rftorMetric Section Head.rft, and click Open. 


The Family Editor environment automatically opens, and the drawing area shows a view 
in which three green reference planes (two vertical and one horizontal) have already been 
drawn. Do not change the position of either the horizontal reference plane or the vertical 
reference on the right. In some templates, this is indicated with help text in red (which 
you can later remove). 


The intersection of the horizontal and the right reference planes defines the connection 
location with the section line. This means your annotation will be located in between the 
two intersections points. 


A proposed geometric shape is drawn for the annotation: a circle (two arcs) and a 
horizontal line. The default shape is there to help you visually understand where to begin 
drawing your new tag geometry. 


3. Select the arcs that create the circle and delete them. 


4. On the Create tab’s Text panel, click the Label button. Position your cursor between the 
two vertical reference planes and below the horizontal plane, and click to position the 
start of the label. 


3. In the Edit Label dialog box, select Sheet Number. Click the Add Parameter(s) To Label 
button. In the Sample Value column, you can enter a value; the default is A101. Click OK. 


The label is placed and displays blue grips when selected. These let you change the 
length of the label text field. The length is important because any value that is added (in 
a project) that is longer than the length of this box will begin to wrap and could cause 
undesirable results. 
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6. 


FIGURE 4.38 | 
Place labels for Detail | 
Number and Sheet | 

| 


Number. 


Following the same principle, place the label Detail Number above the horizontal 
reference plane but still between the vertical reference planes, as shown in Figure 4.38. 


You can reposition a label by selecting it and using the Move button to move it around. 
For more precise positioning, use the arrow keys on your keyboard to nudge elements in 
small increments. You can also help yourself by zooming in for a better view. (Zooming 
in refines the increment for the nudge tools.) 


On the Detail panel of the Create tab, click the Filled Region button. You'll be put into 
Sketch mode. Using the Line tool, draw the shape shown in Figure 4.39. In the Properties 
palette, click Edit Type. In the Type Properties dialog box, check that Color is set to Black 
and Cut Fill Pattern is set to Solid Fill. Click OK to close the Type Properties dialog box 
and then make sure the lines you sketched form a closed loop (no gaps or overlapping 
lines). 


FIGURE 4.39 
Draw the outline 


of the filled region 
to form the section 1 


arrow. 


8. 


Click Finish Edit Mode on the Mode panel of the Modify | Create Filled Region 
Boundary tab. 


Save the tag you just created as Custom Arrow.rfa on your hard drive or network, and 
you're ready to use it in the template or a project. To load it into your project, click the 
Load Into Project button located in the Family Editor panel. Choose the project where you 
want to use the symbol and click OK. 


Next, you'll assign this tag to a section mark system family type in the context of a project or 
template. 
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CREATING A SECTION TYPE WITH A CUSTOM HEAD/TAIL GRAPHIC 


To create a section type that uses the section head family you created earlier, you need to load 
the new section head into the template file (if you’ve already loaded the custom arrow family in 
the previous exercise, skip to step 3): 


1. Ifthe family isn’t already loaded, switch to the Insert tab, and on the Load From Library 
panel, choose Load Family. 


2. Inthe Load Family dialog box, find the Custom Arrow.rfa section head you created 
previously, select it, and click Open. 


Switch to the Manage tab and select Additional Settings > Section Tags. 
In the Type Properties dialog box, click Duplicate. 


In the Name dialog box, name the new type Custom Filled Arrow, and click OK. 


oP 


In the section head’s Type Properties dialog box, click the drop-down menu for Section 
Head and select Custom Arrow. For Section Tail, click <none>. This means the other end 
of the section line will not use a symbol. Click OK. 


The final step is to create a customized section view type, which will use the new section 
tag type you created in the previous step. 


7. Switch to the View tab, and on the Create panel, select Section. 
8. On the Properties palette, select the Edit Type button. 
9. Inthe Type Properties dialog box, select Duplicate. 

10. Name the new type Design Sections, and click OK. 


You can now place a section in your drawing area and see the results shown in Figure 4.40. 
Note that in our sample the section is referencing a view that has already been placed on a sheet. 


FIGURE 4.40 
The completed custom 5 


section tag 
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You can repeat the previous exercises using a callout tag family template instead of a section 
tag template to achieve results similar to those shown in Figure 4.41. 


FIGURE 4.41 
Customizing the z 
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CREATING A CUSTOM ELEVATION TAG 


Elevation tags are a bit different from section or callout tags because one tag can simultaneously 
reference up to four views. You must, therefore, create and nest various parts of a custom 
elevation tag into one family in order to create custom graphics. Here’s how it works: 


1. Click the Application button, and select New > Annotation Symbol. 


2. Inthe New Annotation Symbol dialog box, select the family template called Elevation 
Mark Body.rft or Metric Elevation Mark Body.rft, and click Open. 


3. Using steps similar to those in the section tag exercise, place the Sheet Number label and 
draw lines as shown in Figure 4.42. 


FIGURE 4.42 
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Make sure the properties Keep Readable and Fixed Rotation are checked for the label. 
Save the family as Custom Elev Head.rfa. 


Click the Application menu and select New > Annotation Symbol. 


o> 2 


In the New Annotation Symbol dialog box, select the family template called Elevation 
Mark Pointer.rftorMetric Elevation Mark Pointer.rft and click Open. 


8. Using methods similar to those in previous steps, place labels for the Detail Number and 
Reference Label parameters. Draw a diamond with lines and a small, triangular, filled 
region, as shown in Figure 4.43. 


Fa 
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9. Again, remember to make sure the properties Keep Readable and Fixed Rotation are 
checked for the labels. 


10. Save the family as Custom Elev Pointer.rfa and load it into the Custom Elev 
Head.rfa family. 
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11. Place four instances of the Custom Elev Pointer family around the intersection of the 
visible reference planes, as shown in Figure 4.44. 


FIGURE 4.44 ! 
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When this custom elevation tag family is loaded into a project and associated with an 
elevation type, it will function much like standard elevation symbols. 

After the views are placed on a sheet, you get a preview of the completed elevation symbol, 
as shown in Figure 4.45. 


FIGURE 4.45 

A customized 
elevation tag for 
interior elevations 





Starting a Project with a Custom Template 


Now that we have covered many areas of customization within project templates, you can 
configure Revit to use any of your custom project templates. To do so, follow these steps: 


1. Click the Application menu and at the bottom of the menu click Options. 


2. In the Options dialog box, select the File Locations category. The list of Project Template 
Files allows you to select several RTE files that will be displayed on the Recent Files 
screen. You can see these files in a drop-down list when you launch the New Project 
command either from the Application menu or by pressing Ctrl+N on the keyboard. 


3. Click the green plus to add RTE files, and use the up and down arrow icons to modify the 
order of the templates in the list (Figure 4.46). 
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FIGURE 4.46 
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Strategies for Managing Templates 


During implementation, you can take one of two approaches when managing project templates: 
additive or subtractive. An additive approach, as shown in Figure 4.47, assumes that more than 
one project template will be developed to manage standards and content for a single project. 
Typically, a “base” template is used to start a project with a minimum amount of settings, 
whereas content and settings from “supplemental” templates are appended based on region, 
project type, or project style. In this scenario, each template file is lighter, but managing the 
templates becomes more difficult because changes in common settings or families must be 
applied to all templates. 


FIGURE 4.47 
Additive template 
approach 





In contrast, the subtractive approach, shown in Figure 4.48, uses a single master template that 
contains all standard settings and content and relies on the project teams to remove and purge 
unused content. Although the file size of these templates tend to be larger, graphic settings are 
easier to manage within a single file. 
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FIGURE 4.48 
Subtractive template 
approach 





Aggregating Template Data 


Whether you are managing the settings between templates or developing a project with 
multiple templates in an additive approach, you have useful tools within Revit to help share 
data between projects, such as Transfer Project Standards, Insert Views From File, and Insert 2D 
Elements From File. 


TRANSFERRING PROJECT STANDARDS 


You can easily share Revit families between project files by loading their RFA files; however, 
most other types of content must be transferred with the Transfer Project Standards command. 
Types of elements commonly transferred with this command include, but are not limited to, the 
following: 


Materials 

System family types (Walls, Floors, Roofs, Stairs, and so on) 
Text and dimension styles 

Filled regions 

Grid and level types 

Schedules 

Line styles and patterns 


Object style settings 


© ©% >% >% >% >% è 


Viewport types 


To use this command, you must first have both the source and target Revit files open 
within the same instance of the software. As an alternative, you can have the source file 
linked into your target file. Next, make the target file the active project. Switch to the Manage 
tab, and select Transfer Project Standards on the Settings panel. In the Select Items To Copy 
dialog box (Figure 4.49), choose as many item categories as you want to transfer, and then 
click OK. 

If you choose an element category containing some of the same types that already exist in 
your current project, you will be prompted with the option to overwrite the existing types or 
import the new types only (New Only), as shown in Figure 4.50. 
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FIGURE 4.49 
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FIGURE 4.50 
Transferring project 
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CD Real World Scenario 


USING PROJECT TEMPLATES TO REDUCE REDUNDANT WORK 


Based on a survey conducted by Robert Manna for an Autodesk University class, the majority of 
responders indicated that they develop two to five project templates primarily to differentiate 
between project types and/or market sectors. For example, if you work for an architectural firm 
that is usually contracted to perform work on large transportation sector projects, you might need 
to create a Revit file just to manage the site data for every project. 


In that case, you would use a specific template as a site project template. Within such a template, 
you could use the following settings to reduce the amount of redundant work every time different 
teams attempt to establish a site model to which other building models are linked: 


@ Name levels Sea Level and First Floor Reference. 

Set default view scales to larger sizes. 

Change default project units to reflect civil engineering. 
Add a Cut/Fill schedule. 


Create dimension types useful for large drawings. 


©% © © © o 


Pad types, including “gravel.” 


INSERTING VIEWS FROM A FILE 


The Insert Views From File command is useful for sharing views between project files— 
especially if you use the additive method of template management we mentioned earlier. 
This command allows you to copy drafting views, renderings, or schedules from one project 
to another. It can also insert entire sheets with all attached drafting views and associated 
properties. This procedure is quite useful if you use Revit project files as containers for your 
standard or typical details. An entire sheet of details can be inserted with one command! 

Switch to the Insert tab, and choose Insert From File > Insert Views From File in the Import 
panel. 

Browse to a Revit project file (with the filename extension .r vt), and you will then see the 
Insert Views dialog box (Figure 4.51). In the left pane, all eligible drafting views, sheets, and 
schedules will be listed. If necessary, use the Views drop-down list to filter the choices. 

If one or more sheets are selected in the Insert Views dialog box, all eligible drafting views 
placed on those sheets will be inserted into the current project as well. Note that repeating this 
process will not update the drafting views in the project but instead will create new renamed 
drafting views and sheets. Also note that any custom view parameters are maintained during 
the transfer and can fit right into your customized Project Browser organizations, as we 
discussed earlier in this chapter. 
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FIGURE 4.51 
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INSERTING 2D ELEMENTS FROM A FILE 


The Insert 2D Elements From File command is similar to the Insert Views From File command, 
but instead of inserting an entire view, it will transfer only the view-specific elements from the 
selected view to the active view in the current project. You can select only one view from the 
selected file. This command allows you the flexibility to insert various view-specific elements 
such as detail lines, filled regions, text, and color fill legends. These elements can be imported 
from any view—not just drafting views. 

On the Insert tab, find the Import panel, choose Insert From File > Insert 2D Elements From 
File, and then navigate to a project file. Choose one of the available drafting views in the Insert 
2D Elements dialog box (Figure 4.52). 

For consistency, be sure to select the Transfer View Scale option to convert the scale of 
the active drafting view to that of the view you are inserting. You can move the elements 
into position using the Move command, and after placing the 2D elements, be sure to click 
Finish in the Edit Pasted panel or double-click anywhere outside the elements to complete the 
command. 
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FIGURE 4.52 
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DUPLICATE TYPES WHEN INSERTING 


When using Insert Views From File or Insert 2D Elements From File, be sure to watch for warnings 
about duplicate types being renamed, as shown here, because retaining excess copies of element 
types may cause poor performance and larger project files. You may be able to use the Purge Unused 
tool to remove any renamed styles; however, you may have to manually modify some types. 


Warning: I out of zZ 


The loaded type "Diagonal down" has been renamed to "Diagonal down 2" to 
avoid conflicts with the existing type. 





If duplicated types cannot be removed with Purge Unused, you will need to swap the duplicated 
types with the originals. Find the duplicated family types in the Project Browser, right-click the 
duplicate type, and choose Select All Instances. Doing so selects all instances of that type through- 
out the entire project. Open the Properties palette and select a different type. You will then be able 
to remove the duplicated type with Purge Unused or by right-clicking it in the Project Browser and 
choosing Delete. The Select All Instances method does not work on line styles. 
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The Bottom Line 


Define settings for graphic quality and consistency. The fundamental building blocks for 
any template are the customized settings for object styles, line styles, fill patterns, materials, 
and more. 


Master It How cana complex custom-fill pattern be imported? 


Organize views for maximum efficiency. The project template can be used to capture a 
framework supporting your visual and organizational standards. 


Master It How can you customize the Project Browser to support your business needs? 


Create custom annotation families. Developing a graphic style to match your standards 
will usually require you to edit some annotation families or create them from scratch. 


Master It Cana single label display more than one parameter? How are custom view 
tags loaded into a project? 


Start a project with a custom template. Making your custom template available for new 
projects ensures that all future projects will maintain the same level of graphic quality and 
efficiency you expect. 


Master It How do you set your own custom project template to be the default for new 
projects? 
Develop a template management strategy. Organizing your standards, content, and 
settings while using Revit tools to transfer content will make your effort more efficient. 


Master It How do you insert your standard details from one Revit project to another? 
How do you transfer settings such as materials? 


Collaboration and 
Teamwork 








In Part 1, you became familiar with the Autodesk® Revit® Architecture user interface and editing 
tools. Now we'll take a look at what makes a Revit project tick. Part 2 sets you on the path toward 
using Revit software on a team or throughout your firm. 


@ Chapter 5: Working in a Team 
@ Chapter 6: Working with Consultants 
@ Chapter 7: Interoperability: Working Multiplatform 


Certification 
Objective 





Working in a Team 


Most projects involve more than one person working together at any given time. It’s common 
in design for many people to work collaboratively to meet deadlines and create a set of 
construction documents. Autodesk® Revit® Architecture software has tools that allow for a 
collaborative design and documentation process while giving multiple people simultaneous 
access to its single-file building model. This unique functionality is known as worksharing. 


In this chapter, you'll learn to: 
Understand key worksharing concepts 
Enable worksharing on your project 
Organize worksets in your model 
Manage workflow with worksharing 


Understand element ownership in worksets 


©% ©% ©% >% >% 


Collaborate in the cloud 


Understanding Worksharing Basics 


Worksharing refers to the use of worksets to divide a model for the purpose of sharing project 
work among multiple people. A workset is a customizable collection of building elements 
that can be used to manage project responsibilities. By associating various building elements 
with worksets, the design team has additional control over visibility and element ownership, 
and several people can collaborate and work within the same file. By default, worksharing 

is not enabled when you start a project because it is assumed you are in a single-user 
environment. 

Worksharing is commenced when worksets are enabled and a project file is saved as a central 
file located on a network drive. This central file becomes the repository where all the design 
team’s work is saved. Each team member then creates a local copy of the central file on their 
workstation in which they will work as usual. The local copies of the model remain connected to 
the central file (Figure 5.1). 

The only information that flows instantly between the local copies and the central file is 
permissions. Edits to model elements or settings are not transferred among the project team 
members because this would significantly decrease performance, and it would be distracting 
to your workflow to see the model constantly changing on the screen. In other words, the 
only way another team member knows you are editing something is by seeing that you own 
the element. Even though worksets are established to break a model into manageable chunks, 
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FIGURE 5.1 


The worksharing Local File 
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permissions for a worksharing-enabled project are managed at the object level. This means 

that you could have a worksharing-enabled project with only one workset. Remember, a 

project file is essentially a database. As you are working on elements within the model, you're 
automatically obtaining permission to edit elements from the central database. Once permission 
to modify an element is granted, no one else can make changes to that element until the changes 
are reconciled with the central file. This occurs when you use the Synchronize With Central 
(SWC) command on the Collaborate tab to save changes you’ve made back to the central file and 
simultaneously update your local file with any other changes that have been published to the 
central file by other team members. 


THE LIBRARY WORKSHARING ANALOGY 


Another way to understand worksets and how they relate to object permissions is to think of a 
workset as a shelf of books in a library and the model objects as individual books on the shelf. If you 
are working on a paper about beavers, you can go to the library and do one of two things: check out 
the entire shelf of books about animals or check out the book about beavers. Checking out an entire 
shelf of books within a certain category is the same as making an entire workset editable—no one 
else can do their animal research paper because you have all the animal books. You have become 
the owner of that workset, and there can be only one owner per workset. 


As an alternative, you would likely borrow only the book on beavers so that your fellow students 
can access other animal books to complete their papers. You have become an element borrower, and 
there can be many borrowers within each workset. Of course, the teacher probably made a mistake 
if she assigned two students to complete a report on the same animal. This mistake may also hold 
true when your team is working in Revit. The same model object cannot be edited simultaneously 
by more than one person. After all, you probably shouldn't be working on the same model area as 
your teammate anyway, right? 


Worksets 
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The actual use of worksets can vary greatly from project to project. Quite frankly, creating 
more worksets beyond the defaults is technically not necessary; however, you can use worksets 
to take advantage of other benefits: 


@ Use worksets to control the visibility of groupings of building components, such as 
building skin, core, interior walls, and so on, without the need to use temporary view 
settings or control visibility manually. 


@ Close worksets as needed to remove those parts of your project from active memory, thus 
improving performance. 


@ Use workset ownership to prevent others from editing a part of the project you are 
currently designing. 


Enabling Worksharing on Your Project 


The worksharing feature can be enabled in any Revit project file. You can begin worksharing, 
create and remove worksets, or move elements between worksets during any stage of the 
project. 


WORKSHARING IN THE PROJECT PROCESS 


When you choose to enable the worksharing feature, make sure the team is aware of the change 
to the file and that it is planned within the project process. 


To follow along with the text in this chapter, you can download the sample building project 
file from this book’s companion website at www. sybex. com/go/masteringrevitarch2016. One 
version of the project does not have worksets, whereas the other has retained worksets but is 
not configured for worksharing. Open the file c05-Sample-Building_Start.rvt and switch 
to the Collaborate tab in the ribbon. The worksharing tools are shown in Figure 5.2. If you have 
installed the A360 Collaboration for Revit tool, your Collaborate tab will look slightly different. 
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You can initiate worksharing by clicking the Worksets button or the Collaborate button if you 
are using A360 Collaboration for Revit. It will initially be the only active button on the Manage 
Collaboration panel. Selecting this tool opens the Worksharing dialog box, alerting you that you 
are about to enable worksharing for your project (Figure 5.3). Two worksets are automatically 
created within your project: Shared Levels and Grids, to which any existing levels and grids 
in your project will be assigned, and Workset1, to which all other building elements will be 
assigned. You can rename these worksets; however, we recommend not renaming Workset1 
because you can never delete that workset—even if it has been renamed. You'll read about an 
alternative way to use Workset1 in the section “Organizing Worksets” later in this chapter. 
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FIGURE 5.3 
Activating 


worksharing You are about to enable Worksharing. 


Note: Sharing a project requires careful planning and management. Click OK 
to enable Worksharing or Cancel to return to your project without enabling 
Worksharing. 





Move Levels and Grids to Workset: ‘Shared Levels and Grids e 





Move remaining elements to Workset1 


Workset: 





Click OK to confirm that you want to enable worksharing. Depending on the size of your 
model and your processor speed, this process can take a few minutes to complete. Once it is 
done, the Worksets dialog box opens (Figure 5.4). 


FIGURE 5.4 
The Worksets dialog 
box 
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In the Worksets dialog box, you can create as many user-defined worksets as necessary; we 
offer some tips in the section “Organizing Worksets” later in this chapter. By default, when a 
new workset is created, it does not contain any model elements or components. You can add 
model elements to worksets as you build them or reassign existing elements to worksets. The 
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Worksets dialog box also lets you take and relinquish permissions over existing worksets. First, 
you should understand the different types of worksets illustrated by the options in the Show 
area at the bottom of the Worksets dialog box, shown in Figure 5.4. 


Types of Worksets 


There are four types of worksets in any project: user-created, families, project standards, and 
views. User-created worksets such as Shared Levels and Grids and Workset1 are shown by 
default, and you have the option to list the others by selecting the check boxes at the bottom of 
the Worksets dialog box: 


User-Created Worksets In addition to the two worksets automatically generated when 

you first enable worksharing, all of the worksets you add in the Worksets dialog box will fall 

under this category. All building elements, spaces, and datum objects you place in the project 
are assigned to user-created worksets. Only elements in user-created worksets can be moved 

to other user-created worksets. 


Families Worksets For each family loaded in the project, a workset is automatically created. 
When editing the properties of a family, you will automatically take ownership over that 
family. 


Project Standards Worksets The project standards workset type is dedicated to all the 
project settings, such as materials, dimension styles, annotations, tags, line styles, and so 
on. Any time you need to edit a project standard, such as modifying the type properties of 
dimensions, you will be taking ownership of the element’s workset. 


Views Worksets Every view created in a project has its own workset. The views workset 
type controls ownership of the view properties and any view-specific elements, such as 
annotations, dimensions, tags, detail lines, and so on. You can take ownership of a particular 
view workset by selecting it from the workset list and clicking the Editable button, but this 

is not necessary to start working in a view. You can also take ownership of a view by right- 
clicking the view in the Project Browser and choosing Make Workset Editable from the 
context menu. This can be a helpful shortcut in construction documents when much of the 
effort on the project is more view specific. Regardless of ownership, any team member always 
has the ability to add annotation elements to any view—you just can’t change any existing 
view-specific elements when another user owns a view workset. 


We'll get back to worksets in the “Organizing Worksets” section of this chapter. For now, you 
should establish the workset-enabled project model as a central file. 


Creating a Central File 


After you enable worksets in a project model, you must save the project as a central file to enable 
others to collaborate on the model. This is the file that will collect all the work done by your 
team members and allow them to receive regular updates of changes being made to the model 
and documentation. 

You can use one of two commands to establish a workset-enabled model as a central file: Save 
or Save As. If you click Save from the Application menu, you will be presented with a warning 
telling you that this is the first time the file will be saved since worksharing was enabled 
(Figure 5.5). If you select Yes, the file will become a central file with only the default settings in 
its current location. 


172 |CHAPTERS5 WORKINGINATEAM 


FIGURE 5.5 

The Save command 
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file with only the 
default settings. 
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This is the first time that the project has been 
saved since Worksharing was enabled. This 
project will therefore become the central 
model. Do you want to save this project as the 
central model? 


If you want to save the file as the central model with a 
different name and/or different file location, click No and use 
the Save As command. 


As an alternative, we recommend using the Save As > Project command from the Application 
menu. When you click this button instead of Save, the Save As dialog box will appear. In the 
Save As dialog box, click the Options button to access the options shown in Figure 5.6. 


FIGURE 5.6 
Options for saving a 
project file 
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This dialog box contains some important settings. At the top, you can set the number of 
backups the file will keep in the folder history after saves. The default value is 20. Depending on 
the storage availability on your network, how often your network is backed up, and the number 
of people working in the model (remember, local files are also backups), you might want to 
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reduce this number. Also, the Make This A Central Model After Save check box is selected and 
grayed out. This is because we've activated worksharing in this file and it is assumed that we 
will be making a central file on the next save. 

You can also specify default settings for opening the project file (Shown as Open Workset 
Default). We will discuss opening a file in the section “Creating a Local File” later in this 
chapter, but we recommend setting this option to Specify for most project scenarios. This will 
always prompt your team members with the Worksets dialog box when a local file is opened. 
Click OK to exit the File Save Options dialog box. 

Back in the Save As dialog box, choose a network location that everyone on the team has 
access to for your central file. Be sure that when you are naming your new central file, you 
choose a new name. Do not save over the existing Revit project file. There are two reasons for 
this: First, it automatically gives you a backup of your file as it existed before worksharing was 
enabled. Second, saving over an open Revit file can sometimes cause corruption, even if it is the 
same model. It’s also a good idea to name the file with some clarity that helps identify it as a 
central file, such as MyProject-Central.rvt. 


FILE NAMING IN REVIT 


When working with a project team in Revit, it’s important to give your various team members 
some guidance when you name your files. We just touched on the idea of making sure you include 
“Central” in your filename so team members know they will need to make a local copy when open- 
ing the file, but there are some other guidelines you might want to consider. 


When working with other disciplines, consider naming your file with a denominator to let the larger 
team know which file is architectural, which is structural, and so on. Also, because your office might 
be working on several Revit projects at one time, you might be working in more than one version of 
Revit if youre working on more than one project. So it’s a good idea to include the Revit version in 
your filename so team members don’t accidentally open the file with a newer version. An example 
filename might be c05-Sample-Bui lLding-A16-Central.rvt. c05-Sample-Bu7i lding is 
the project name, A designates the discipline as architectural, 16 is the version of Revit (2016), 
and Central notes it’s a central file. 


Once you've entered a new name for the file, click the Save button to save the file. Now that 
your file is saved to the network, close all the open view windows. As one final step, you need 
to make sure you don’t accidentally retain any rights over the objects and elements within the 
central file, thereby prohibiting anyone from editing those elements. 

To do this, go to the Collaborate tab, find the Synchronize panel, and click the Synchronize 
With Central button. This button is a flyout button that contains two commands: Synchronize 
And Modify Settings and Synchronize Now. You'll want to use Synchronize And Modify 
Settings in this case. In the Synchronize With Central dialog box, shown in Figure 5.7, make 
sure you select any available check boxes in the middle portion to relinquish ownership 
of all worksets. You can also add a comment to identify the action taken during this 
synchronization. 

Yes, it might seem odd to use the Synchronize With Central command when youre actually 
in the central file, but this method is the fastest way to relinquish all worksets and complete the 
setup of the central file. Click OK to complete the synchronization. 
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FIGURE 5.7 
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USING A REVIT SERVER ACCELERATOR 


If your project team is distributed in various geographic locations, an alternative to 
synchronizing with the central model directly over the wide area network (WAN) is to use a 
Revit Server Accelerator. This technology was developed by Autodesk to support extended 
collaboration through the use of server technology that creates a layer of virtual central models. 
The Revit Server then manages changes into a single central model without burdening the WAN 
with full synchronization traffic. 

We have included more detailed information about Revit Server Accelerators in Appendix B, 
“Tips, Tricks, and Troubleshooting.” You may also want to learn more about A360 Collaboration 
for Revit, which we discuss more in the “Collaborating in the Cloud” section later in this 
chapter. 


Selecting a Starting View 


On the Manage tab of the ribbon, locate the Manage Project panel and click the Starting View 
command. With this command, you can select any project view to be the first view displayed 
when the model is opened (Figure 5.8). Because 3D views take longer to regenerate when your 
project opens, we recommend you select a 2D view to speed this process; you can even create a 
drafting view that contains the project name and image as the starting view. 

Another use for the starting view is as a project bulletin board. Simply create a drafting view 
for the starting view and keep it populated with project standards, modeling action items, and 
other notes your team might need to know. 

Synchronize the central file once again, and remember to relinquish any worksets you might 
have obtained during the configuration of the central file. From the Application menu click 
Close to close the central file. 


FIGURE 5.8 
Selecting the starting 
view 
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USING CAUTION WHEN USING A CENTRAL FILE 


Once you've created a central file, there are a couple of things you cannot do. Don't open it directly 
again and don't change the filename. Opening the file will change its attributes, and none of your 
team members will be able to synchronize with central. If they were actively working in the local 
file, their work would be lost. The same problem occurs if you change the filename—anyone witha 
local copy will lose their association to the central file and they will not be able to save their work. 


Creating a Local File 


Now that you’ve made a central file, you'll need to create a local copy of it in which you will 
organize worksets for team collaboration and continue your design and documentation. There 
are several ways to perform this action. One option is to simply open the network location of 
the central file and copy the file from the network to your desktop or anywhere on your local 
hard drive. Be careful not to move the file—only copy it. It’s also a good idea to rename the file to 
something that identifies it as a local file, such as cO5-Sample-Building-Local.rvt. 

Another method of creating a local file is to use a script or macro. There are many variations 
of this method, so we won't discuss them in detail here. We believe the simplest example of 
a script is to use common Windows commands in a BAT file. You can create a BAT file in any 
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simple text editor such as Windows Notepad, and you will find a command-line reference in 
Windows Help and Support on your computer (search for commands). You can also find a free 
tool on David Baldacchino’s blog: 


http: //do-u-revit.blogspot.com/2008/03/streamlining-local-file-creation.html 


The last and most predictable method for creating a local file is to use the functionality 
integrated with the Open command. Using any common method to open a file, you will get to 
the Open dialog box (Figure 5.9). Navigate to the central file, and when it is selected, you will 
have the option to create a new local file at the bottom of the dialog box. Whenever you select 
a central file through the Open dialog box, this box is checked for you as a safety precaution 
against you opening the central file directly. 





FIGURE 5.9 
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The local file is created in the location specified as the default path for user files. This setting 
can be found in the application options, under the File Locations settings. The default location 
for this setting is the My Documents folder. If you choose this method, the local file will be 
appended with your workset username. If you have already created a local file with this method, 
you will be prompted with a warning the next time you attempt to create a new local copy from 
the central file (Figure 5.10). You have the option to either overwrite the existing local copy or 
append a time stamp to the existing file. 


FIGURE 5.10 
Overwriting existing 
local files Â You are trying to create a new local file 
a \CO5S-Sample-Building-A15-Central_3ddy!... 
but a file with this name already exists. What 
do you want to do? 
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| Cancel 





Before you proceed to open the file, you can change the way you interact with worksets. If 
you click the small arrow to the right of the Open button, you will see a list of options, as shown 
in Figure 5.11. 
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FIGURE 5.11 
Workset options when 
opening a file 
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The default setting for opening worksharing files is Last Viewed, but each of the available 
settings is helpful to your workflow. Let’s review these settings in detail: 


All This setting opens all available user-created worksets. 


Editable This setting opens only those worksets that you have previously made editable. 
If you didn’t retain ownership of any worksets the last time you worked on a local file, none 
of the user-created worksets will be opened. To retain ownership of worksets when you 
close a file, you will be prompted with the alert shown in Figure 5.12. Choose the option to 
keep ownership of elements and worksets. We do not recommend this workflow because it 
restricts others on your team from working on elements for which you retain ownership. 


FIGURE 5.12 
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Last Viewed The file will be opened with the Last Viewed worksets configuration. If you 
use this option when opening a new local file for the first time, all worksets will be opened. 


Specify We highly recommend this option because it will give you the most flexibility 
when opening a local file. When Specify is selected, you will be presented with the Worksets 
dialog box immediately after you click the Open button. You can then choose the worksets 
you'd like to open or close before the file is loaded into memory. 


To continue your exercise, choose the Specify option and then click the Open button. The first 
time any local file is opened using a method other than the Create New Local option, you'll see 
a warning message alerting you that you are opening a local file. This is simply a notification 
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that you've made a local copy of a central file and you'll be the owner of the local file. If this 
warning appears, click Close to dismiss the warning and continue the file-opening process. 

The Worksets dialog box will be displayed if you used the Specify option to open the file. At 
this point in the exercise, you will still have only Shared Levels and Grids and Workset1, but in 
the future, you will have the ability to close any workset you may not need for editing in your 
work session. Click OK to close the Worksets dialog box. 


BENEFITS OF LOCAL FILES 


Using a worksharing environment allows you to do something your IT department typically asks 
you not to do: work directly on your workstation’s hard drive. Although working off a network file 
is typically a good idea, there are several reasons why a local copy offers additional benefits: 


@ It allows more than one user to make changes to the central file by editing local files and syn- 
chronizing those changes with the central file. 


@ Your local copy will be more responsive than a networked local file because your access speed 
to your hard drive is much faster than it is across most networks. 


@ Ifanything bad happens to your network or your central file, such as file corruption, each local 
file is basically a backup that can be used to create a new local file by performing a Save As 
operation and selecting the option to make this a new central file. 


Using Worksharing Usernames 


Each local file is automatically associated with your worksharing username once it’s opened; 
after it is opened, it cannot be edited by any other user. By default, your Windows login name 
is used as your worksharing username. When you use the Create New Local option to open a 
worksharing-enabled project, the username is appended to the end of the local file name—for 
example, cO5-Sample-Bui Lding-A16-Central_YourName.rvt. 

It can be a good idea to adjust the naming convention for usernames to help team 
communication. In a smaller office, it might not be as necessary, but in a larger office or multi- 
office team, clarification of element ownership is vital. One option is to change your workset 
username to first name, last name, and phone extension. This way, team members can quickly 
identify and contact you if they need you to relinquish permission of an element. 

To make this modification, follow these steps: 


1. Close all your open projects. You can change the username only when no workshared 
projects are open (you can’t change your username while it’s active in open projects). 
After you change your workset username, you'll need to create a new local file because 
the old local file is associated with a different username. If you've signed in to an 
Autodesk® 360 (A360) services account, you'll also need to sign out. A360 is an online 
service with Autodesk accessible from the upper-right portion of your application 
window. If you're not signed in, you should see the button as a small figure with Sign In 
next to it. More information on the A360 account is provided later in this chapter. 


2. From the Application menu, choose Options at the bottom. 
3. In the Options dialog box, select the General category. 


4. In the Username field, enter a new value (Figure 5.13). Click OK to exit. 
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Organizing Worksets 


Now that you have enabled worksets and configured your project file for worksharing, you 
have the opportunity to further organize your model into more worksets. When dividing your 
project into worksets, it’s important to think about the larger building system rather than trying 
to isolate its individual components. In other words, worksets should not be used like layers in 
a CAD application. A good way to think about dividing up worksets is to consider the building 
elements and the number of people working on each of these elements. A basic breakdown of a 
project’s components might include the following: 


@ Exterior skin 
Core 
Interior partitions (in a larger building, by floor) 


Site 
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Furniture, fixtures, and equipment (FF&E) 


This breakdown mirrors some of the roles and responsibilities on the project as well. There 
might be a small group working on exterior skin design and detailing, another group working 
on interior partitions, and a third working on FF&E. And for larger projects where you have 
linked files (possibly from other disciplines like mechanical, electrical, and plumbing [MEP] or 
structure), it’s helpful to associate those linked files with their own worksets. 


How MANY WORKSETS DO You NEED? 


A good rule of thumb is that you should have one or two worksets for every person working on the 
project (besides Shared Levels and Grids). On a small project with two or three people, you might 
only have three or four worksets. On larger projects, you could have a dozen or so. 


Also keep in mind that once you have six to eight people working in a project, the performance of 
Revit slows somewhat, not to mention that you spend a bit more time saving local files because each 
person actually saves twice (once to save changes to central and another to download everyone else’s 
changes). If your project is large enough to warrant more than six to eight people working concur- 
rently in the model, consider dividing the model into multiple files, as we discuss in Appendix B. 
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Continuing with the Sample Building exercise file, open a local copy of the central file and 
click the Worksets button from the Collaborate tab or from the status bar. Click the New button 


and create each of the following new worksets (keep the Visible In All Views option selected 
each time): 


@ Exterior and Structure 
@ Furniture 


@ Interiors 


When completed, you should see a total of five user-created worksets, as shown in Figure 5.14. 
The worksets we’ve set up demonstrate how a typical breakdown might occur in a project of 
this size, but creating, defining, and assigning worksets is by no means limited to this scheme. 
Depending on how you structure work in your office, the worksets might be quite different. 
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SHOULD YOU KEEP WORKSET1? 


Why keep Workset1? Well, it’s a great holding place when new users need to work on the project but 
they aren't certain to which workset they should assign the new elements they create. Tell them 
not to worry! Simply ask them to make Workset1 their active workset. After they've finished their 
work, they can isolate all the elements they've created and then assign them to the right workset 
later (maybe with some oversight). You can even have a 3D view with only Workset1 visible. 


As we stated previously, one of the biggest challenges facing teams new to Revit is 
understanding the difference between layers in a CAD application as compared to worksets. 
These teams typically want to try to manage worksets as they managed layers in CAD, which 
can result in worksets named Doors, Windows, Walls, and so on. Although this is effective 
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management in a CAD environment, you don’t want to create all of this structure for worksets. 
Not only is it time consuming, but it doesn’t provide any benefit. 

Much like layers, the workset is a tool that the team will need to understand in order to use 
it successfully. Worksets should be structured by a team’s BIM manager or a project manager 
familiar with a BIM workflow. Ultimately, though, it is up to the team members to place 
elements in the proper worksets and ensure that project standards are being followed. 


Moving Elements between Worksets 


With this chapter’s exercises, you are applying worksharing to an existing model; therefore, 
you'll need to assign the existing model elements to the worksets you've created. The easiest 
way to move elements between user-defined worksets is by using a customized 3D view. The 
following exercise will walk you through moving elements from Worksetl1 to the new worksets 
you have established, using a subtractive method to reassign the model geometry. This should 
be done by a single person who owns all the elements to ensure that no permissions issues 
occur when elements are being moved between worksets. This is also best done with only one 
person actively working on the file. If you have other users with local copies, ask them to not use 
the model while you're moving elements. 

To move the elements between worksets, follow these steps: 


1. Open the default 3D view so you can see the entire model. By selecting a 3D view, you 
can’t accidentally select view-specific elements (like elevation or sections) or datum— 
you'll be selecting only model elements that can be assigned to user-defined worksets. 
Now open the Visibility/Graphic Overrides dialog box and choose the Worksets tab. 
Choose to hide all the worksets except for Worksetl (Figure 5.15), and click OK. This 
will turn off any elements that are visible on those worksets and allow you to “subtract” 
elements from this view as you move them to the nonvisible worksets. 


In a worksharing-enabled file, the default 3D view is unique to each user participating in 
the model. The name of the view will be appended with the team member’s username; 
for example, {3D - James}. 








FIGURE 5.15 





| Veibiity/Graphie 0 = rides for 3D Views: (30 - Admin T tos} - TC 


Isolating Workset1 | 
in Visibility/Graphic Wa- -r ae = = 


O : d These visikhty setings control the dsplay of worksets in the current view, 
verrides Select Use Global Setting to use the workset's “Visible in al’ views" setting defined in the Worksets dialog. 
Select Show or Hide to show or hide the workset, regardless of its “Visible in all views" setting. 











Worksets Virility Setting 
Exterior and Structure Hide = E 
Furniture | Hide 
Interors | Hide 
Shared Levels and Grids : | Hide k 
wa aslla A 


2. To select model elements and assign them to different worksets, you have a few options: 


@ Forasmaller model, select a comfortable number of elements using the Filter tool 
and then modify the Workset parameter in the Properties palette. What constitutes 
a “comfortable” number of elements depends on your computer’s capabilities. As an 
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example, if you window-select all the elements in our Sample Building model, you 
can click the Filter button in the ribbon and choose to keep the Furniture category 
active and uncheck the remaining items (Figure 5.16). Click OK. In the Properties 
palette, assign these elements to the Furniture workset. 
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For a larger model, it might first be necessary to select some individual components 
and move them separately. Although the process remains the same (select elements, 
change the workset in the Properties palette), the selection system can vary. Another 
example of moving elements by selection would be to highlight an exterior wall and 
use the Tab key to select a chain of exterior walls. Those exterior walls can be moved 
to the Exterior and Structure workset. 


You can also select one or more types of elements in the model and use the 
Temporary Hide/Isolate tools in the view control bar. In the exercise file, try to 
locate a single plumbing fixture and select it. From the view control bar, click the 
Temporary Hide/Isolate icon and select Isolate Category. The boundary of the 3D 
view will be highlighted, indicating a temporary view setting, and you will see 
only plumbing fixtures. Window-select all the plumbing fixtures and then go to the 
Properties palette to assign them to the Interiors workset (Figure 5.17). Return to the 
Temporary Hide/Isolate icon in the view control bar and select Reset Temporary 
Hide/Isolate. 
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FIGURE 5.17 
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3. Using the same technique, you can move the remainder of the model elements to their 
respective worksets. When the default 3D view is empty, you'll know that all the elements 
have been reassigned to new worksets. 


USING 3D WORKSET VIEWS 


For even easier workset management and quality control, you can create a 3D view named according 
to each workset. In each of these views, isolate the respective workset in the Worksets tab of the 
Visibility/Graphic Overrides dialog box. After these views are established in the project, you can 
periodically examine them to fix any workset assignment mistakes. For example, someone might 
have placed plumbing fixtures on the Site workset. 


As you continue to assign model elements to worksets, you should be aware of some special 
conditions that might exist in your project. Some elements that can be selected and/or filtered 
are actually subcomponents of other systems, and as such their Workset property cannot be 
changed independently of the parent system. For example, you can select and filter curtain wall 
panels and mullions, but you can change only the Workset property of the curtain wall object, 
which is simply categorized as a wall. 

Another special condition to look for is the presence of groups. Grouped objects will show up 
in the filter list as Groups and not in their respective categories. As an example, in Figure 5.18, 
the filter list shows Model Groups. Select only Model Groups in the Filter dialog box and use 
the Isolate Elements command in the view control bar, and you will see that the groups contain 
elements in the Casework and Furniture categories. 
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MOVING EVERY INSTANCE OF AN ELEMENT 


A quick way to move every instance of an element type to a new workset is to use the Select All 
Instances option from the context menu. For example, select a chair in the model and right-click it. 
From the context menu, choose Select All Instances > In Entire Project. This selects all the family 
elements in the entire model, allowing you to quickly move them all to the same workset in the 
Properties palette. 


Another way to select all instances of an element is to right-click the family name in the Project 
Browser under the Families node. Simply navigate to your family in its proper category. 


At any point in this process, you can check your work by opening the Workset tab in the 
Visibility/Graphic Overrides dialog box and setting all but one workset to Hide. Use this 
method to inspect the contents of each workset. 

The workflow described in the preceding exercise is necessary only if you have developed a 
model before enabling worksharing for collaboration. You can always start a new project enabled 
with worksets, and your team can develop the model simultaneously. The only important thing 
to remember is to ensure your team uses the appropriate active workset when working in a 
worksharing-enabled project. We’ll cover that in greater detail in the following section. 


Managing Workflow with Worksets 


Now that you or your BIM manager has established a central file and organized your project 
into worksets, you can get ready to work by creating a local copy of the central file. Do you 
need to do anything special to begin working in a project that’s enabled with worksets? No. 
You can simply start adding or editing content in your project because permissions are being 
automatically managed as you work. Just remember that you can’t edit any elements (2D or 3D) 
that someone else is already editing. 

You don’t have to make any worksets editable unless you want to prevent other team 
members from editing certain parts of your project until you have completed some work. 
Remember the library analogy earlier in this chapter. 
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DON’T WORK IN THE CENTRAL FILE 


Make sure that you never work directly within the central file. Doing so will change the file attributes 
on the server and prohibit anyone with a local file from being able to synchronize with the central 
file. The possibility of losing a lot of work and effort from team members exists, so it is safer to err 
on the side of caution by simply never opening the file. 


The most important thing to remember when you use worksharing is that every element in 
the file and added to the file belongs to a workset. To make sure you are placing elements in the 
proper workset while working, there are a few tools to ensure that the right workset is selected. 

One such location is on the Collaborate tab, where you originated worksharing. As shown 
in Figure 5.19, the active workset is Exterior and Structure. This also tells you that the Exterior 
and Structure workset is not editable. What this means is that as a user, you have not taken 
ownership of this workset. However, as we mentioned previously, you don’t need to own a 
workset to add elements to it. It just needs to be active in this window. 


FIGURE 5.19 
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Manage Collaboration 


The second location is in the status bar at the bottom of the application (Figure 5.20). The 
drop-down menu on the left serves the same function as the Active Workset drop-down in the 
Collaborate tab, but it allows you to verify that the proper workset is active without the need to 
bounce between tabs in the ribbon and interrupt your workflow. From this location you can also 
change the active workset and even open the Worksets dialog box using the small button to the 
left of the drop-down menu. 


FIGURE 5.20 
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Another helpful tool located on the Collaborate tab is the Gray Inactive Worksets button. This 
dims all the elements that aren’t on the active workset, helping you identify what elements are 
in your current, active workset. This is a temporary view state and will not affect any printing 
or other output. 

Additionally, you can always view an object’s workset assignment by hovering your mouse 
pointer over the object and viewing its workset in the status bar (Figure 5.21). This location 
will also display an object’s family and category. In the example shown here, the wall is in the 
Exterior and Structure workset, in the Walls category, and its type is Exterior - EIFS on Mtl. Stud. 
There are three locations in this figure where you can see the workset: one in the Properties 
palette, one in the status bar, and one in the tooltip shown when you hover over an element. 
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Saving Work 


It will eventually become necessary to save your work and share your progress with others 
in the model. You have three ways to both save your work and view the work of others: Save, 
Synchronize And Modify Settings, and Synchronize Now. 


Save The Save button saves the work you've done to your local file only; the work isn’t 
shared or published back to the central file. This can be a useful step if you're in the middle 
of a process and want to make sure your work is saved but aren't ready to share the changes 
with the rest of the team. You can find the Save tool either by choosing Application > Save or 
by clicking the Save icon on the Quick Access toolbar (QAT). 


Synchronize With Central > Synchronize And Modify Settings When you are ready 
to publish your work for the rest of your team to see, you have two command choices to 

synchronize with the central file. The first of two synchronizing commands is known 

as Synchronize And Modify Settings. You can access this command in a couple of ways. 

The first is on the Collaborate tab in the Synchronize panel, as shown in Figure 5.22. The 
Synchronize With Central flyout button is located on the left of this panel. 


As an alternative, you can use the Synchronize With Central button located on the QAT. Both 
buttons perform the same action and will open the Synchronize With Central dialog box 
(Figure 5.23). This dialog box gives you some additional tools to assist your workflow: 


FIGURE 5.22 
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FIGURE 5.23 
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@ The Compact Central Model check box allows you to compact the model to save on disk 
space. It will take some additional save time, but it can temporarily decrease your file 
size significantly. This should not be seen as a permanent solution to managing a large 
file, however. Compaction will decrease the file size, but use of the file will expand 
the compacted elements. Tips and techniques for reducing file size are discussed in 
Appendix B. 


@ Five additional check boxes will be available (depending on what work you've done 
to the file) to allow you to relinquish or keep permission over the elements you've 
previously edited. Unchecking these boxes means that you will retain ownership over all 
the elements you currently own with the model. This can be useful if you are planning 
to continue working on the same elements and want to publish only recent changes of 
the model. 


@ Youcanadd comments to the synchronization that can be useful for tracing potential 
model conflicts later in the production process. 


@ A final check box, Save Local File Before And After Synchronizing With Central, allows 
you to save your changes locally, get any new changes from the central file, and then save 
locally again, ensuring that your local copy is up to date. This is the save option that takes 
the longest, and you might choose to uncheck this periodically if you're pressed for time or 
have a large file that typically takes longer to save. 


Synchronize With Central > Synchronize Now The second command choice to publish 
your changes is called Synchronize Now. Choosing this option allows you to bypass the 
Synchronize With Central dialog box and simply sync your file immediately. With this 
option, you'll be relinquishing all your permissions over any elements you have borrowed; 
however, you will remain the owner of any worksets you have made editable in the Worksets 
dialog box. 
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Saving at Intervals 


You will be prompted to save your work at regular intervals. Once worksharing is enabled, you 
will receive an additional reminder to synchronize with the central file as well as to save your 
work (Figure 5.24). You can dismiss these dialog boxes by clicking Cancel at the lower right, but 
remember, it’s a good idea to save regularly so you don’t lose any work. 
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If the Changes Not Synchronized With Central dialog box appears, you'll have three options 
to choose from: 


@ Synchronize With Central, which will perform a save operation identical to that of the 
Synchronize Now command 


@ Synchronize With Central And Set Reminder Intervals, which will synchronize your file 
and then pull up the Options dialog box, allowing you to set the intervals in which you 
receive this message 


@ DoNot Synchronize And Set Reminder Intervals, which will cancel all future reminders 
for the remainder of your Revit session 


You can modify the reminder time shown in the dialog box at any time by clicking the 
Application button, selecting Options, and then choosing the General tab. 


Loading Work from Other Team Members 


It is possible to update your model and load work from other team members without publishing 
your own work back to the central file. This process, called Reload Latest, basically downloads 
the latest changes from the central file to your local file. Because you are only downloading 
content from the central file and not uploading, this process takes only a portion of the time a 
full SWC does. To do this, click the Collaborate tab on the ribbon, and choose Reload Latest from 
the Synchronize panel. The default keyboard shortcut for this command is RL. 
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Using Worksharing Visualization 


Sometimes it helps to have the ability to graphically display worksets and their status in the 
project. With worksharing visualization, you can visualize four different values: ownership 
status, individual ownership, updated elements, and workset assignment. You can open the 
settings from the view control bar. 


Worksharing Display Settings... 
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To display any of the values, select the desired setting. When any value is selected, the 
temporary view condition is indicated by colored highlighting around the edges of the view 
window. 

Select the Worksharing Display Settings menu item to customize the graphic appearance 
of the visualization overrides. The Checkout Status tab of the Worksharing Display Settings 
dialog box shows three values: what is owned by you, owned by others, or not owned at all 
(Figure 5.25). 
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The Owners tab of the Worksharing Display Settings dialog box illustrates which elements 
are owned by the users in your project. If you see users listed who do not have any enabled 
elements or worksets, you can remove them from the list by selecting their username and 
clicking the Remove User icon at the lower left (Figure 5.26). 


FIGURE 5.26 
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The Model Updates tab of the Worksharing Display Settings dialog box indicates changes 
to the central file that may not be apparent until you have synchronized with the central file 
(Figure 5.27). 

The Worksets tab allows you to color-code the model based on the workset assignment of 
all the building elements. Color-coding is also helpful for keeping track of your active workset 
(Figure 5.28). 

Finally, how often the display settings update in your project is up to you. To modify these 
settings, choose Application > Options to modify the Worksharing Update Frequency option 
(Figure 5.29). Moving the slider to the far left will set the description below the Updates 
slider to Manual Updates Only, and the update will occur when you use Reload Latest or 
Synchronize With Central. Slide just a bit to the right and you'll see that the display will 
update every 60 seconds. Slide it all the way to the right and your display will update every 5 
seconds. 
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FIGURE 5.27 
Model Updates tab 
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FIGURE 5.29 
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Managing Workset Visibility in View Templates 


As we described in the section “Moving Elements between Worksets,” worksets can be used 

as a different way to visualize your project using the Visibility/Graphic Overrides dialog box. 
Workset visibility can also be managed as part of a view template. To modify these settings, go 
to the View tab, locate the Graphics panel, and select View Templates > Manage View Templates. 
In the View Templates dialog box (Figure 5.30), select V/G Overrides Worksets to modify 

the visibility settings in any view template. Refer to Chapter 4, “Configuring Templates and 
Standards,” for more information on view templates. 


Closing Revit 


Eventually, you will need to close your project and leave for lunch, attend a meeting, or go 
home for the day. Don’t worry—the project will still be there tomorrow. But in the meantime, 
it’s important to understand how to close the project correctly so you don’t accidentally retain 
permission over any elements. This situation—where a team member has accidentally left 

the office and not closed the project file or relinquished permissions—leaves the other team 
members without a way to edit elements for which the team member had permission or even 
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request permission. So that you are not the unfortunate victim of their wrath upon your return, 
make sure you close the application properly. 


FIGURE 5.30 
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The most thorough way to close the file is to simply quit the application completely. You can 
do this by clicking the X at the upper right or choosing Exit Revit from the Application menu. 
You'll be presented with a dialog box in which you can choose to Synchronize With Central, save 
your changes locally, or discard the changes (Figure 5.31). Obviously, the best choice is to use 
Synchronize With Central, allowing your changes to be published and any objects you own to be 
relinquished; however, you might be in the middle of a design study and not ready to share your 
changes. In that case, you may choose to save locally and retain ownership of certain elements. 
Just be aware that no one else on your team can edit elements you own until you relinquish 
them. Our recommendation is to always relinquish all elements at the end of your work session. 

What if you were only reviewing the model, making some minor changes, and you don’t 
want to save the changes? Close the file or application with any of the methods previously 
mentioned and select Do Not Save The Project from the Changes Not Saved dialog box. You 
will then be presented with another dialog box with two choices concerning borrowed elements 
(Figure 5.32). In the Close Project Without Saving dialog box, you can either relinquish any 
borrowed elements and worksets or retain ownership of them. Clearly, the best choice is to 
relinquish all elements and worksets. 
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FIGURE 5.31 
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Disabling Worksharing 


In a few cases, you might decide that you've enabled worksharing too soon, or after enabling 
worksharing you'd rather go back. Worksharing may be disabled as part of the Detach From Central 
functionality. This option can be found at the bottom of the Open dialog box. When you elect to 
detach a copy of the central file, you have the option to discard worksets, as shown in Figure 5.33. 

If you choose to preserve worksets, the worksharing functionality remains in the file. 
This allows you to maintain any visibility configurations you've established that depend on 
worksets. Although this file retains the worksharing capability, it can no longer be synchronized 
with the original central file because it will become a new central file as soon as you save it after 
detaching. If you elect to discard worksets, you will lose any visibility settings established from 
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worksets. You will also need to create all new worksets from scratch if you decide to enable 
worksharing again in the future. 


FIGURE 5.33 Aa Catal 

Disabling 

worksharing Detaching this model will create an independent model. You will be unable 
to synchronize your changes with the original central model. 


What do you want to do? 


+ Detach and preserve worksets 
You can later save the detached model as a new central model, 


+ Detach and discard worksets 
Discards the onginal workset information, including workset visibility, You can later create 
new worksets or save the detached model with no worksets. 


| Cancel | 





Understanding Element Ownership in Worksets 


One of the fundamental concepts in a model enabled with worksharing is the ownership of 
elements. When you directly edit an element in a project, you automatically take ownership of 
that element—as long as no one else owns it. Determining whether you own an element is fairly 
easy. Simply select it. If you do not own it, you will see a worksharing icon, as shown on the 
selected element in Figure 5.34. 


FIGURE 5.34 5'- 0" 
The worksharing icon I 
on a selected element f rn 

jal 


By borrowing elements, team members can take ownership of only portions of a workset, 
leaving the remainder of the workset to be edited by someone else. Taking ownership of 
elements in this style creates a more “take what you need” approach to editing and usually 
results in less overlap between team members. 

Besides automatically borrowing elements when they are edited, there are a few other ways 
you can obtain ownership of an element or group of elements: 


@ Inthe Worksets dialog box, you can make any workset editable. You then become the 
owner of the workset instead of borrowing elements within one. 


@ Select any element or series of elements, and take ownership of them by clicking the 
worksharing icon. 
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@ You can right-click any element in the Project Browser under the Families node. In the 
context menu that appears, you can take ownership of families, groups, or views. 


@ You can right-click any element in a view and choose Make Elements Editable from the 
context menu (see Figure 5.35). You also have the ability to make editable the entire workset 
to which the selected object is assigned. 


FIGURE 5.35 


Making an element Make Worksets Editable 
editable using the Make Elements Editable 
context menu = © 
Browsers + 
|v Properties 
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Using any of these options, if the selected element is already owned by another team 
member, Revit will alert you and you will not be able to modify the element or make it editable. 


CD Real World Scenario 


ACCIDENTS HAPPEN 


As proficient as any team is, accidents may occur on a project, and elements will get modified or 
deleted unexpectedly. It’s important to know how to recover your work when these accidents occur. 


On one project a team developed, someone new to Revit software and new to the team was work- 
ing on window details in a three-sided building. In the detailing process, the new team member 
accidentally deleted one of the walls in the project. By deleting the wall, this person also deleted the 
elevation, as well as all the wall sections associated with that wall, along with the details in plan 
and section. When the new team member deleted the element, he wasn’t aware of the mistake and 
performed a Synchronize With Central, publishing all the deletions to the central file. Fortunately, 
the error was caught before everyone else performed a Synchronize With Central, and the team 
did not have to resort to restoring the model from the previous night’s backup. The team was able 
to use another member’s local file to create a new central file, thereby minimizing the loss of work. 
Once everyone on the team made a new local copy, he was able to get back to work. 


Had the deleted elements been more isolated (like a conference room layout), recovery would have 
been much less invasive. In such a case, you simply create a group from all the elements you would 
like to save and then right-click the group in the Project Browser. You'll have the option to save the 
group out of the file, which can then be inserted into a different project file and ungrouped again. 
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Understanding Editing Requests 


When working in a worksharing project, it is not always necessary to take ownership of an entire 
workset in order to begin editing elements. As we discussed earlier in this chapter, it is possible to 
take ownership of individual model elements. This process is referred to as borrowing. Remember, 
there can be only one owner of a workset but multiple borrowers of elements within a workset. 

If you need to work on elements that already belong to someone else, you will receive an alert 
that you cannot edit the elements until the other person relinquishes them, and you'll be given 
the option to place an editing request. 

Understanding the editing request workflow is critical for multiuser teams; it allows users to 
transfer permission of objects without having to constantly save all their work to the central file 
and relinquish all worksets. Let’s look at this interchange of permissions in more detail. 


SIMULATING A WORKSHARING ENVIRONMENT 


Practicing with a multiuser environment is not easy to describe in text, although it is possible to 
configure on your own computer. If you'd like to work through the exercises in this section, you 
can launch the Revit application twice. Remember to change the worksharing username in the 
application options before you create a new local file each time. And of course, remember to restore 
your original username once you have completed the training exercises. 


Placing an Editing Request 


Imagine you are happily working away on your model in a worksharing environment and you 
try to edit an element that someone else owns. What do you do? When that situation occurs, you 
will be presented with a dialog box that allows you to request permission to edit the element 
from the other user (Figure 5.36). 


FIGURE 5.36 a ae en 
Autodesk Revit 2016 


Placing a request for 


permission Error - cannot be ignored 


Can't edit the element until ‘Eddy’ resaves the element to central and 
relinquishes it and you Reload Latest. 





Looking at the dialog box, you have two options: 


@ You can click Cancel and not take possession of the element, and then focus your efforts on 
another part of the design. 


@ Youcanclick Place Request to ask your team member to relinquish possession over the 
element in question. When you click Place Request, the dialog box shown in Figure 5.37 opens. 
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FIGURE 5.37 eae =) 
Editing Request Editing Request Placed [Pez] 





Placed dialog box 


7 Your request has been placed to the user(s) 
listed below. This message will update when a 
response is received. 


Eddy 


To continue working instead of waiting for the response, 

dose this dialog and cancel your change in the error 

dialog. Your Editing Request will stil be active and you 

will receive a notification when itis granted or denied. | 


Once you have placed your request, you're in a bit of a holding pattern. You cannot continue 
to edit this element until the other user has granted you permission to edit it, and you cannot 
continue working on other portions of the project. This situation applies only if you are editing 
an element and you need to make an editing request related to that element. If you simply want 
to request permission to edit an element and not edit it right away, you could close the request 
confirmation box and continue working on other elements in your project. 

The recipient of an editing request will see a pop-up notification appear at the bottom of the 
application, as shown in Figure 5.38. The notification gives the recipient instant information 
about the element in question and who made the request and provides buttons to grant or deny 
the request. It also provides a Show button that finds the element in a view so the recipient can 
determine the most appropriate response to the request. 


FIGURE 5.38 

Editing request 

notification 
Element: Worksetl : Walls : Basic Wall : Interior - 
4 7/8" Partition (1-hr) 


Requested by: James 


Message: Another user requests your 
permission to edit these elements 





| | Grent | | Deny 


If you happen to miss or accidentally close the request notification, there is also a small 
visual indicator on the status bar at the bottom of your screen. 


Fa 1| 


ea 


— et 


It indicates whether there are any outstanding requests (both to and from you). Clicking this 
icon opens the Editing Requests dialog box (Figure 5.39). Any requests indicated by an asterisk 
require you to Synchronize With Central before granting the editing request. 
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FIGURE 5.39 
The Editing Requests 
dialog box 


) - 2/4/2015 1:48:13 PM — James 
© Workset1 
Walls : Basic Wall : interior - 4 7/8” Partition (1-hr) : id 170025 
My pending Requests 





Granting an Editing Request 


Let’s now observe the other side of this scenario. If you are the recipient of an editing request 
and you are ready to grant it, one of two things will happen. If you haven't changed the element, 
you can simply click Grant and the permission for the element will be transferred to the 
requesting team member. 

If you have modified the element or one that is dependent on or hosted by the element in 
question, you will be alerted that you'll need to SWC before the request can be granted. The 
team member who placed the editing request will subsequently need to use the Reload Latest 
command or SWC to receive the recent changes, and then they can edit the most recent version 
of that element. Permission requests that require an SWC are flagged in the Editing Requests 
dialog box by an asterisk next to the request (refer to Figure 5.39). 

After your editing request has been granted, you will receive a notification similar to those 
shown in Figure 5.40. If the request didn’t require an SWC from the other team member (as 
indicated in the left image in Figure 5.40), you can continue the editing command that prompted 
the request. Otherwise, you will need to Reload Latest before you can continue the editing 
command. If you need to return to a view of the element or elements related to the editing 
request, you can click the Show button. Click the X to close the notification box. 


FIGURE 5.40 
(a) Notification of 
a granted editing 
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alerting you to Reload edit these elements. Note: Reload Latest is required to edit the 
elements. 
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GETTING PERMISSION FOR SOMEONE ELSE’S OBJECTS 


This situation may happen on one of your projects; someone leaves for a meeting or goes home 
without relinquishing permission of borrowed elements and worksets. This scenario would prevent 
other team members from editing any of the borrowed elements until that person returns to the 
office and synchronizes their changes with the central file. If that person cannot return to the 
office, there is a workaround for this problem. The workaround will result in the loss of the work 
by the missing team member, but it will clear up all the permissions issues. 


If the immediate team needs outweigh the potential loss of the missing person’s work, follow 
these steps: 


1. Open anew session of Revit. 
2. Click the Application menu, select Options, and choose the General tab in the resulting dialog box. 


3. Change the name listed in the Username field from your username to the person’s whose permis- 
sions you are looking to release. 


4. Create a new local file of the project and open it. Now simply SWC, and all the person’s elements 
will be available to the team to edit. Then close the file. 


5. Before closing Revit, be sure to go back to the Application menu, click Options, and select the 
General tab so you can change the username back to your own. 


Relinquishing Permission 

It is not always necessary to wait for a request from another team member to relinquish 
permission over your elements. Fortunately, there is a tool to do just that. On the Synchronize 
panel of the Collaborate tab is a button called Relinquish All Mine (Figure 5.41). This feature 
returns the permissions for any elements you have not edited back to the central file so they are 
available to the rest of your team. 


FIGURE 9.41 
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Using the Worksharing Monitor 


If you are an Autodesk® Subscription customer, you will have access to a useful extension 
application called Worksharing Monitor, shown in Figure 5.42. When you are working ona 
team project that is enabled for worksharing, this utility gives you real-time information about 
the users participating in the project file. It also has a convenient resources monitor to keep you 
informed of your computer’s available RAM, virtual memory, and disk space. 


FIGURE 5.42 
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Collaborating in the Cloud 


Eventually you will need to collaborate with other designers. Maybe this partnership—if it’s with 
your structural engineer or MEP designer—will require the both of you to share models. Maybe 
you simply need to share your modeling work with someone within your own office who isn’t 
Revit savvy enough to be able to negotiate their way through the software, and you're looking for 
an easy way for them to view and comment on what you've created. Fortunately, there is a way 
for you to not only share your model but also comment on models created by your team. 

Autodesk has created a web-based resource to share and mark up Revit files. The site is A360 
Drive (360. autodesk. com). The site requires an A360 account, which you can register for on the 
website. Once signed up, you can sign in through Revit to take advantage of online applications 
like daylighting or cloud rendering (see Chapter 9, “Conceptual Design and Design Analysis”) 
or use the site as an online collaboration portal. 

The site (Figure 5.43) allows you to upload and share models with collaborators. You can 
make models public or you can share them with only certain individuals. 
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FIGURE 5.43 
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One of the great benefits of the site beyond just document management and sharing is the 
ability for non-Revit users to be able to navigate the model in a read-only format. Using the 
sample model we’ll work on throughout this book, a non-Revit user can navigate any of the 
views within the model (plans, elevations, 3D views, and so forth) as well as spin the model 
around in an interactive 3D format. Figure 5.44 shows a plan view and some of the additional 
model metadata that is stored on the site. 
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This is an easy way to share models and allow nonusers to make comments on preset views. 
The site works best with Google’s Chrome web browser and works on either a Mac or PC. 
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A360 Collaboration for Revit 


Although the A360 Drive website allows you to upload and download files as well as view 
Revit models, it does not provide an alternative to true collaboration with Revit worksharing. 
A new service called A360 Collaboration for Revit allows teams to synchronize changes using 
Autodesk’s cloud services instead of a Revit Server Accelerator on your WAN. 

A360 Collaboration for Revit is a paid service that can be purchased per registered user. You 
can learn more about the service at www. autodesk. com/products/collaboration-for-revit. 


The Bottom Line 


Understand key worksharing concepts. Once the team has created local files, it is 
necessary to understand how to keep both the local files and the central file up to date as 
changes occur on the project. Doing so ensures that everyone is working from an updated 
and recent copy of the model at all times. 


Master It Once you've begun working in your local file, how do you publish your 
changes to the central file? How do you download changes from the central file to your 
local file? 


Enable worksharing on your project. Knowing how to activate and use worksharing is 
indispensable to working in a team environment using Revit. 


Master It How do you transition a single-user Revit file to a multiuser environment 
using worksharing? 


Organize worksets in your model. There is no single rule for organizing worksets in your 
project models; however, they can be used to your team’s advantage. You can use worksets to 
better organize larger projects and for additional visibility control. 


Master It How do you assign objects to worksets? How do you change an object’s 
workset assignment? 


Manage workflow with worksharing. Once the central file has been created, you'll need to 
organize and structure the model into logical worksets to maintain workflow with Revit. 


Master It How do worksets differ from layers in 2D CAD? What are some logical ways 
to create worksets within a model? 


Understand element ownership in worksets. Editing elements in a central file means you 
have sole ownership over further changes to those elements. Understanding the permissions 
is critical to working in a team. 


Master It How do you edit an element in the model if someone has already taken 
ownership of it in a worksharing environment? 


Collaborate in the cloud. Not all of your team members will be Revit-savvy and know 
how to use the tools. Additionally, not everyone on the team will have a copy of Revit, 
but you might still need their input and comments on the design. Learning to leverage 
complementary tools to Revit is critical to keeping a project moving smoothly. 


Master It How do you use the cloud to get feedback from non-Revit users on a project 
team? 


Chapter. 6 


Working with Consultants 


Whether you work on large or small projects—residential, commercial, or industrial building types— 
collaboration is an almost certain aspect of the workflow you will encounter when implementing 
BIM. This chapter discusses important considerations for interdisciplinary coordination as well as 
the tools within Autodesk® Revit® software to help you manage the process. This chapter covers 
aspects of collaboration solely utilizing the Revit platform, and Chapter 7, “Interoperability: Working 
Multiplatform,” focuses on collaborating with other software programs. 


In this chapter, you'll learn to: 


Prepare for interdisciplinary collaboration 


@ Collaborate using linked Revit models 
@ Use Copy/Monitor between linked models 
@ Runinterference checks 


Preparing for Collaboration 


Working alone in the Revit environment will deliver measurable increases in productivity, 
quality, and consistency; however, the true benefit of building information modeling (BIM) 
is the ability to effectively collaborate between design disciplines, share model data with 
contractors, and deliver useful information to facility operators. 

The difference between these working paradigms has been described as lonely BIM versus 
social BIM. Lonely BIM can be thought of as the use of isolated BIM techniques for targeted tasks 
such as architectural design or structural analysis. Social BIM is the act of sharing model data 
between project stakeholders in order to enhance collaboration while developing a building 
design. The importance of increased efficiency in collaboration is the underpinning for the goals 
set forth by organizations such as buildingSMART International (www. bui ldingsmart.org) or 
the UK’s BIM Task Group (www. bimtaskgroup. org). 

The ability to support high-quality information exchanges necessitates the proper use of 
3D models and nongraphic data in a highly collaborative environment. Although we will be 
discussing collaboration solely within the Revit platform in this chapter, the buildingSMART 
Alliance and the National BIM Standard (NBIMS-US) stress the need for open interoperability 
between BIM applications. 

Once a project team decides to participate in social BIM—either through desire or the 
requirements of a client—they must decide how to collaborate with BIM in a manner that is useful 
to all constituents throughout the project life cycle. Whether or not your client requires it, you 
should develop a BIM execution plan in order to set clear expectations related to the use of BIM. 
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The buildingSMART Alliance (ww. buildingsmartalliance.org), in an effort sponsored by 
the Charles Pankow Foundation, the Construction Industry Institute, Penn State Office of Physical 
Plant, and the Partnership for Achieving Construction Excellence (PACE), has created a “BIM Project 
Execution Planning Guide” and template for a BIM execution plan. You can find this information at 
the Penn State Computer Integrated Construction (CIC) website: http: //bim.psu.edu. 

One of the most critical parts of a BIM execution plan is the definition of the project goals 
and uses of BIM to achieve the stated goals. If you are just beginning your implementation of 
Revit software, you may be using it to create 3D visualizations, or perhaps you are attempting to 
increase your drafting productivity. Defining clear and concise reasons for implementing BIM 
on each project will help you define where to concentrate your modeling efforts. According to 
the buildingSMART Alliance, “[A] current challenge and opportunity faced by the early project 
planning team is to identify the most appropriate uses for Building Information Modeling on 
a project given the project characteristics, participants’ goals and capabilities, and the desired 
risk allocations.” A listing of the common uses of BIM along with potential value opportunities 
and required resources is also available on the Penn State CIC website. For our European 
counterparts, you can find another list here: aecuk.wordpress.com/documents. 

According to the American Institute of Architects’ “Integrated Project Delivery: A Guide,” 

a BIM execution plan “should define the scope of BIM implementation on the project, identify 
the process flow for BIM tasks, define the information exchanges between parties, and describe 
the required project and company infrastructure needed to support the implementation.” To 
be clear, the development of such a plan does not imply the application of integrated project 
delivery (IPD). IPD is “a project delivery approach that integrates people, systems, business 
structures and practices into a process that collaboratively harnesses the talents and insights 

of all participants to optimize project results, increase value to the owner, reduce waste, and 
maximize efficiency through all phases of design, fabrication, and construction.” For the 
purposes of this chapter, we will consider only the collaboration and coordination between 
members of a project design team, not the interactions with a client or contractor. 

For additional reading on IPD, refer to these sources: 


@ Integrated Practice/Integrated Project Delivery: ww.aia.org/ipd 


@ Whole Building Design Guide: ww.wbdg.org 


Managing the Coordination Process 


The coordination process in a Revit environment begins with linking multiple files together 

to form a composite view of your building project. Even though smaller projects might be 
coordinated within a single Revit project file, most moderate to large projects will be designed 
by multiple disciplines or trades working in different offices. A project can be divided in many 
different ways to meet a variety of workflow requirements. Most often, each discipline will 
develop at least one separate Revit project file, and many of these project files will be linked into 
each other for reference. Because there are several workflow possibilities, this chapter will focus 
on the coordination among a traditional design team consisting of the following: 


@ Architect 
@ Structural engineer 


@ Mechanical, electrical, and plumbing (MEP) engineers 
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The workflow within a traditional design team is more complex than you might assume. If 
you were to graph the dependencies and coordination between these parties (Figure 6.1), you 
would see a web of primary relationships (architect to/from structure, architect to MEP) and 
secondary relationships (structure to/from mechanical and piping). 


FIGURE 6.1 Architect 
The relationships 

of interdisciplinary 
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These relationships can be further parsed into physical and logical relationships. If we use 
mechanical and electrical as an example, you can see that a physical relationship means making 
sure a light fixture is not hitting the bottom of a duct, whereas a logical relationship means 
making sure the electrical design properly accounts for the load of the heating coil in a variable 
air volume (VAV) box (being designed by the mechanical engineer). 

It is the complexity of these possible workflow scenarios that makes this process prone to 
errors and illustrates the importance of proper coordination between the different disciplines of 
a design team. So, what are the tools that can be used for collaboration between Revit products? 
Three distinct tools are typically used in a collaboration scenario: 


Linked Models Linking models together using the Link Revit tool provides full visual 
fidelity of the referenced content, showing the complete context of the other disciplines’ data, 
fostering a complete understanding of their geometry. The data can also be controlled and 
shown in any manner appropriate to the use. You can turn it on or off, half-tone the data, 

or enhance it with color or line pattern overrides. Linking also provides support for the 
Interference Check, Copy/Monitor, and Coordination Review tools. 


Copy/Monitor Copy/Monitor is a powerful tool available in all products built on the Revit 
platform and is considered the most intelligent of the coordination tools. It offers several 
benefits. It lets you link Revit files from other team members (structural engineers or MEP 
engineers) and copy key elements from their model into yours. Once that link is created, 
you can monitor that relationship and know if the element has moved or changed when you 
receive updated models from your team members. A basic example of using this tool would 
be copying the structural grid into your architectural file. If the grid moves or changes with 
subsequent updated models, you'll be instantly alerted to the change. 


Interference Check In many cases, the only workflow requirement is to verify that items 
from another discipline are not interfering with your items. The Interference Check tool can 
be used to check between categories within a single model or between linked models. 
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ED Real World Scenario 


INDIANA UNIVERSITY BIM REQUIREMENTS 


In 2009, the University Architect’s Office at Indiana University (ww. iu. edu) announced that it would 
require the use of BIM on all projects with a capital value of over $5 million. Accompanying the announce- 
ment was the release of the IU BIM Standards and Project Delivery Requirements, which included a 
BIM execution plan template and IPD template—developed under the guidance of Autodesk and SHP 
Leading Design (ww. shp.com). Although the university’s BIM requirements may seem new, the desire 
to ensure the maximum reuse of information has been evolving at IU for several years, beginning with 
its implementation of integrated GIS tools for campus and facility management in 1996. 


One important excerpt from these requirements focuses on the organization of the interference 
checking (aka clash detection) process. Within the IU BIM Standards & Guidelines for Architects, 
Engineers, & Contractors, rules have been established for classifying clashes between modeled 
elements. Level One clashes are considered critical and include ductwork and piping clashing with 
ceilings, rated walls, or structure; equipment clearances interfering with structure are included in 
Level One as well. Level Two clashes are less critical but include casework clashing with electrical 
fixtures and structure vs. specialty equipment. Finally, Level Three clashes are still important but 
are a lower priority. These include casework clashing with walls and plumbing interfering with 
mechanical equipment. 


These requirements may be defined differently by other clients, but it’s critical to understand the 
importance of using interference-checking tools for logical groups of model elements. Checking 
for clashes throughout an entire model will yield a plethora of unusable data and will limit the 
effectiveness of model-based coordination. 


For more information, visit the IU BIM site at www. indiana. edu/~uao/iubim. html. 


Given the range of available Revit tools for collaboration, they are not necessarily applicable 
to all interdisciplinary relationships. As shown in Figure 6.2, only the most appropriate tools 
should be applied to each collaborative situation. These situations are merely suggestions based 
on the experience of the authors. The needs for your collaborative workflows may vary. 
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Architect to Structural Engineer The relationship between the architect and structural 
engineer is becoming closer as we strive for lighter structures and more innovative design. 
In many respects, structural engineers may be affecting the building aesthetic as much 

as the architects. Thus, this workflow may be considered the most crucial and should be 
bidirectional. 
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Architect to Structural Engineer: Copy/Monitor and Coordination Review By using 
Copy/Monitor, the structural engineer is able to create a strong, intelligent link between 
the structural and architectural models. In doing so, they can easily track the changes 
in the architect’s model that will affect the structural design. They are also able to create 
geometry in their model using these tools, which can be directly or indirectly related to 
architectural elements such as walls and floors. 


Remember that coordination of relationships for datum (grids and/or levels) should be 
established at the beginning of a project. For example, does the architect “own” the levels 
and the grids—or will the structural engineer? Conflicts due to a lack of proper planning 
will negatively impact the effective use of the Copy/Monitor tools on your projects. 


Structural Engineer to Architect: Interference Check The architect’s primary 
requirement for the structural model is to include the structure in context and to know 

if the structure is interfering with any architectural elements. For this workflow, it 

is recommended that the architect link in the structural model and use interference 
checking. The rules governing what clashes are considered critical may be established by 
a client’s BIM standards and protocols. 


Architect to MEP Engineer The relationship between architecture and MEP is not quite as 
dynamic as that between architecture and structure but represents specific opportunities to 
benefit from collaboration. 


Architect to MEP Engineer: Copy/Monitor and Coordination Review The MEP 
engineer needs to link in the architect’s model to have the architectural model for context 
and positional relationships for ceiling-based items and the avoidance of clashes. Copy/ 
Monitor is used to copy and monitor the architect’s levels and rooms. These room objects 
take on the additional properties, such as light levels and airflow. Levels are required to 
copy or monitor the rooms. 


MEP Engineer to Architect: Linked Models The architect’s primary benefit from 
linking in the MEP model(s) is the ability to reference this geometry within the context of 
the architectural model and drawings. There is usually no compelling reason to use the 
Copy/Monitor and Coordination Review tools from the MEP on the architectural project, 
although interference checking may be required under certain circumstances. 


Structural to MEP Engineer This relationship is almost always best served by cross-linked 
models using interference checking. The most important aspect of collaboration between 
these disciplines is the early detection and correction of clashes. 


Using Linked Models in Revit 


The first rule governing all Revit-to-Revit coordination situations is that all linked project files 
must be generated with the same Revit platform version. For example, the architecture model 
must be generated with Revit® Architecture 2016, the structure model must be generated 

with Revit® Structure 2016, and the MEP model must be generated with Revit® MEP 2016. In a 
worksharing environment, it is also important to ensure that the computers of all team members 
working on a project have the same Revit build installed (Figure 6.3). As discussed previously 
in this chapter, a BIM execution plan should include an agreement on all modeling and 
coordination software to be used on a project, including the version of each listed program. 
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You can find the build information for your Revit product by clicking the Help drop-down 
button and selecting About Autodesk Revit 2016. The build appears at the upper-right of the 
About Autodesk Revit 2016 dialog box. 


Shared Positioning 


In the collaborative process of sharing information via linked models, the coordinated 
positioning of each model is of paramount importance. To ensure accuracy, every project’s BIM 
execution plan must include agreement on a common coordinate system and origin. This section 
will help you develop a fundamental understanding of the coordinate systems within Revit so 
you can configure and manage them in your projects. 

We will begin our description with a simple statement: There are two coordinate systems in a 
Revit project, project internal and shared. Each system has essential features and limitations. 


Project Internal Every Revit project has an internal coordinate system referred to in several 
places as project internal. The origin of this coordinate system is at first marked by a project 
base point; however, this reference point can be moved away from the internal origin. We 
discuss the project base point in greater detail later in this chapter. 


The project internal coordinate system cannot be changed, and your model should be 
constructed within a one-mile radius of the internal origin. The true origin in Revit is 
referred to as the Project Start Up Point, and the project base point can be reset to this 
point by setting it to Unclipped, right-clicking the icon, and selecting Move To Startup 
Location. 


A complementary component of the project internal coordinate system is the view orientation 
of Project North. This setting is the default and can be found in the View Properties of any 
plan. We strongly recommend that your model be created in an orthogonal relationship to 
the project or as you expect the plans to be oriented on a typical sheet. Your project’s actual 
relation to true north will be established via shared coordinates. 
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Shared Coordinates In simple terms, shared coordinates are just a way for the project 
team to use the same work point. In other words, the shared coordinate system consists of 

a single origin and true north orientation that can be synchronized between models and 
even Autodesk® AutoCAD® drawings. In the diagram shown in Figure 6.4, you can see an 
architectural model and structural model linked together. Each model was created using a 
different project internal origin (not the recommended method), but their shared coordinates 
were synchronized. 


FIGURE 6.4 Internal Origin of 
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LIMITATIONS ON USING SHARED COORDINATES FOR EXPORTING 


Although you can use either Project Internal or Shared as the setting for Coordinate System 
Basis when exporting CAD formats, there are some limitations. If you are exporting sheet 
views, the plan data will always use the project internal coordinate system. Using the Export 
Views On Sheets And Links As External References option during export does not change this 
limitation. We recommend using plan views—not sheets—for issuing 2D CAD backgrounds 
to project participants who are not using Revit. Refer to Chapter 7 for more detailed informa- 
tion on exporting. 


ACQUIRING OR PUBLISHING COORDINATES 


When you attempt to synchronize shared coordinates between linked projects, there are two 
tools to achieve this: Acquire Coordinates and Publish Coordinates. A simple way to understand 
the difference between these tools is to think of them in terms of pulling versus pushing: 


@ Acquire = pull 
@ Publish = push 
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It is important to understand the situations in which you would pull or push coordinates 
between linked files. A typical workflow for establishing a synchronized, shared coordinate 
system on a single building project is as follows: 


1. A site model is generated in which the survey point (SP) in the Revit project is 
coordinated with geodetic survey markers or station lines. The site model is linked into 
the architectural Revit model. This file can be placed manually and then moved and 
rotated into a position relative to the building. Do not move or rotate your building to the 
linked site model! 


2. From the Manage tab, select Coordinates > Acquire Coordinates. Pick the linked file 
and the origin of the shared coordinate system, and the angle of true north in your Revit 
model will be synchronized with those in the linked file. 


3. All engineers or consultants using Revit should obtain a copy of the site model and repeat 
steps 1 and 2. When linking other project models that have already been synchronized 
with the site model, they can be placed using the Auto—By Shared Coordinates option. 


ACQUIRING COORDINATES FROM A CAD FILE 


A common scenario in a project workflow begins with the architect beginning a design model 
and receiving a 2D survey file in DWG format from a civil engineer. The survey is drawn in 
coordinates that are geospatially correct but may not be orthogonal to true north. The architect 
should create the model close to the internal project origin; however, the architect will need 
to ensure that the building and survey coordinates are synchronized for properly oriented 
CAD exports and for coordination with additional linked Revit models from engineers in later 
phases of the project. 


The architect will link the 2D CAD file into the Revit model but will first manually place it—moving 
and rotating the CAD file to be in proper alignment with the building model. Once the link is in 
place and constrained (or locked), the architect will acquire the coordinates from the DWG survey 
by switching to the Manage tab, selecting Coordinates > Acquire Coordinates from the Project 
Location panel, and then clicking the DWG link. This will not affect any views that are oriented to 
project north—only those set to true north will display the orientation established by the coordi- 
nates acquired from the survey file. 


For a campus-style project in which you might be creating multiple instances of a linked 
building model, you would most likely use Publish Coordinates to push information from a site 
model into the linked building model. Here’s how that would work in a hypothetical scenario: 


1. Assuming a site model and building model were created in Revit, you would begin by 
opening the site model and linking the building model into the site. 


2. Adjust the position of the first instance of the linked building model to location A. 


3. From the Manage tab, select Coordinates from the Project Location panel, and then click 
Publish Coordinates. Pick the linked building model. 
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4. The Location Weather And Site dialog box will open, and you will create a duplicate 
location named Location A. 


5. Copy the linked building model as required for each subsequent location. Repeat 
steps 2 through 4 for each copy. As shown in Figure 6.5, there are three locations 
(Location A, Location B, and Location C) that represent each instance of the linked 
project model. 
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6. When you close the site model and open the building model, you can link the site model 


to the building using any of the named location references you pushed into the building 
model. 


Using Project Base Point and Survey Point 


Revit provides two graphic objects to identify the project base point and the survey point. In the 
default templates, these points are visible in the floor plan named Site; however, they can also 
be displayed in any other plan view by opening the Visibility/Graphic Overrides dialog box, 
selecting the Model Categories tab, and expanding the Site category, as shown in Figure 6.6. 


You can also use the Reveal Hidden Elements command in the view control bar to temporarily 
display these points. 
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Project Base Point The project base point (PBP) is a reference point that is usually located 
at the origin of the internal project origin. The PBP is used to define a common reference for 
project-specific annotation such as spot coordinates. The PBP cannot be used for exporting 
your project to CAD or Navisworks® formats. The only choices you have for exporting are 
Internal or Shared. Remember, the internal project coordinates cannot be modified, but you 
can move the PBP. Let’s review what the paper clip icon means when you need to relocate the 
base point. 


The unclipped PBP can be moved in relation to the internal origin, thus creating a secondary 
reference point for spot coordinates, spot elevations, and levels—as long as the measuring 
parameter (either Coordinate Origin or Elevation Base) is set to Project Base Point in the 
respective type properties of such annotation elements. Moving the clipped PBP icon is 

the equivalent of using the Relocate Project tool, moving the project relative to the shared 
coordinates system. 


Unless your project requires the use of a secondary point of reference other than the survey 
point, we recommend that you do not adjust the PBP and that you make sure your building 
model lies within a close reference of this point, such as the corner of a property line or 
intersection of column grids A and 1. 


Survey Point The survey point (SP) is the equivalent of a station pin or geodetic survey 
marker in a civil engineering drawing (Figure 6.7). This is the point that will be coordinated 
to real geospatial coordinates. For coordination with Autodesk® Civil 3D® software, the SP is 
used when a Revit project is exported to the ADSK file format. 


Specifying a particular location for the SP based on civil engineering data is not a 
requirement. For smaller projects, the SP and shared coordinates may never be used at all; 
however, they are critical in the use of analytical tools for daylighting and solar analysis. 


FIGURE 6.7 
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To further expand your understanding of these points and what happens when they 
are modified, we have created a sample file for your reference. Open the file c06-Shared- 
Points.rvt from this book’s web page (www. sybex. com/go/masteringrevitarch2016). In 
this file you will find three copies of the Level 1 floor plan. One view is configured to display the 
project coordinates, another view displays the shared coordinates, and the third view displays 
a combination of the two. There are also two types of spot coordinates: one indicating project 
coordinates in which the values are prefixed with the letter p and the other indicating shared 
coordinates with the prefix of s. You can open these three floor plans and tile the windows (click 
the View tab, select the Window panel, and choose Tile, or type the keyboard shortcut WT) to 
get a better sense of how these points affect one another (Figure 6.8). 


FIGURE 6.8 
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In this sample file, you can explore the effects on your model’s coordinates of moving the 
project base point and survey point. When selected, the project base point and survey point 
have paperclip icons that determine the behavior of the points when you move them. Clicking 
the paperclip icon changes the state from clipped to unclipped and back to clipped. 
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The following list shows the possible point modifications and how they affect the project. In 
most cases you shouldn’t have to move the project base point or survey point if you are using a 
linked Civil 2D or 3D file and acquiring the coordinates from the linked file. 


Project Base Point: Clipped 

@ Move the PBP. 

@ PBP coordinates change relative to the survey point. 

@ Project-based spot coordinates don’t change. 

@ Model elements “move” relative to shared coordinates. 


Moving a clipped PBP is the same as using Relocate Project—that is, the model elements 
maintain their relationship to the PBP, but the relationship of the PBP to the survey point is 
changed. 


Project Base Point: Unclipped 

@ Move the PBP. 

@ PBP coordinates change relative to the survey point. 
@ Project-based spot coordinates change. 

@ Model elements don’t move. 


Unclipping the PBP essentially detaches it from the internal project origin. Moving the 
unclipped PBP is only used to affect the values reported in spot coordinates set to the project 
origin base. It does not have any effect on exported files. 


Survey Point: Clipped 

@ Move the SP (survey point). 

@ SP coordinates don’t change. 

@ Shared spot coordinates change. 
@ Model elements don’t move. 


The clipped SP represents the origin of the shared coordinate system. Moving it is the 
equivalent of setting a new origin point. Use caution if you must move the shared coordinates 
origin if linked models already exist in which the shared coordinates have already been 
synchronized. In such a case, each linked model must be opened and manually reconciled 
with the model in which the origin has changed. 


Survey Point: Unclipped 
@ Move the SP. 


@ SP coordinates change. 
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@ Shared spot coordinates don’t change. 
@ Model elements don’t move. 


Moving an unclipped SP essentially doesn’t do anything. It doesn’t affect spot coordinates 
and it doesn’t affect the origin of exported files. 


USE PINNING TO PROTECT COORDINATE ORIGINS 


An excellent way to prevent accidental modification of your project’s coordinate systems is to 
pin them. To do so, you must first make sure the survey point and project base point are visible 
in a view (as we discussed previously in this section). Next, select each point and click the Pin 
button on the Modify panel when the Modify | Project Base Point or Modify | Survey Point 
ribbon appears. 


COMPARING ATTACHMENT TO OVERLAY 


Linked Revit models use what we will call a portability setting that is similar to the way Xrefs 
are handled in AutoCAD. Although this setting is not exposed when you initially link a Revit 
model, you can modify the setting by switching to the Insert tab and selecting Manage Links. 
Change the setting in the Reference Type column as desired (Figure 6.9). 
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Attachment The Attachment option ensures that the linked model will be included if 
the host model is subsequently linked into other hosts. For example, if Project A is linked 
into Project B as an attachment, when Project B is linked into Project C, Project A will 
automatically be included as well. 


Overlay The Overlay option prevents linked models from being included if the host model 
is subsequently linked into other hosts. For example, if Project A is linked into Project B as 
an overlay, when Project B is linked into Project C, Project A will not be included. When you 
initially link a model that contains other linked models with the Overlay option, you will be 
notified that those links will be invisible (Figure 6.10). 
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FIGURE 6.10 
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LINKING WITH WORKSHARING FILES 


If you are using linked Revit models where one or more of the project files have worksharing 
enabled, there are a few guidelines to follow as well as some tangible benefits, such as linked 
visibility control between worksets. Be sure to read more about worksharing in Chapter 5, 
“Working in a Team,” before continuing with this section. 

When you are linking worksharing-enabled files from consultants, you will first need to 
decide if you need to maintain the worksets in the linked files. Even though you may not have 
direct access to your consultants’ servers, the software will attempt to reconcile the location of 
each project model’s central file location. We recommend handling each received project file 
using one of the following options: 


@ Open the project using the Detach From Central option, choose Preserve Worksets, and 
then save the project as anew central file on your server. Refer to Chapter 5 for specific 
instructions on this process. 


@ Open the project using the Detach From Central option, choose Discard Worksets, and 
then save the file. 


If your team decides to disable worksets in linked files received from consultants, you will 
avoid any problems related to the central file not being found; however, you will not be able 
to extend workset visibility settings into the linked files or use worksets to selectively load 
content from the linked model into your host project. If you preserve worksets, you can continue 
to use worksets in the linked model to your advantage. For example, when you first link a 
worksharing-enabled model into your project, you can use the Specify option associated with 
the Open button in the Import/Link RVT dialog box, as shown in Figure 6.11. 
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At any time throughout the development of the project, you can adjust the loaded worksets 
from linked files very easily. From the Manage tab or the Insert tab in the ribbon, click the 
Manage Links button. In the Manage Links dialog box (Figure 6.12), select one of the linked RVT 
files, and if it is a worksharing-enabled file, click the Manage Worksets button (Figure 6.12) to 
open the Worksets dialog box. We describe this process in greater detail in the next section of 
this chapter. 
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In addition to the workset-loading control, you can apply visibility settings automatically to 
linked models—as long as the worksets in any linked files are named exactly as they are in the 
host file. For example, if you linked a model that had the default workset named Shared Levels 
and Grids, and your host model also had that same workset, you can hide the workset in both 
the host and linked model in one step. Open the Visibility/Graphic Overrides dialog box, select 
the Worksets tab, and then set Shared Levels and Grids to Hide. You will see that any datum 
objects assigned to that workset—in either the host or linked model—are hidden. You do not 
need to perform a separate visibility override on the linked file. 

Although the automated visibility linking of worksets can be beneficial, it can also be 
problematic when you need to coordinate content between the host and linked models. In the 
same scenario described previously, what if you wanted the Shared Levels and Grids workset 
to be visible in the host model but hidden in the linked model? This is common when you are 
coordinating datum objects between architectural and engineering models. The grids and levels 
from a linked model should be visible for use with the Coordination Monitor tools described 
in this chapter, but then the linked references might need to be hidden. In this case, you might 
choose to access the Manage Worksets button discussed earlier and close the Shared Levels and 
Grids workset in the linked file. You could also adjust the linked view; however, this would 
require you to adjust every view in which the linked model appears. We discuss linked views in 
greater detail in Chapter 17, “Documenting Your Design.” 


Using Worksets to Organize Linked Models 


As we discussed in Chapter 5, we recommend that you create and reserve a workset for each 
linked Revit model, such as Link-RVT-Structure or Link-RVT-HVAC. This simple step will allow 
your team members to choose whether they would like any, all, or none of the linked models to 
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be loaded when working on a host model. To enable this functionality, use the Specify setting in 
the drop-down options next to the Open button. 
When the Worksets dialog box appears, select the worksets reserved for the linked models and set 
their Open/Closed status as you desire. The benefit of using worksets to manage linked Revit models 
is the flexibility it offers a project team. When a team member closes a workset containing a linked 
model, the linked model is unloaded only for that person—it does not unload for the entire team. 


EXPANDING WORKSET PROPERTIES FOR LINKED MODELS 


Additional flexibility can be leveraged with the Workset parameter in both the instance and 
type properties of a linked model. In a large and complex project that consists of multiple 
wings where some of the wings are identical, each wing may consist of multiple linked models: 
architecture, structure, and MEP. Figure 6.13 shows a simplified representation of such a design 
where Wings A, D, and E are identical to one another, as are Wings B, C, and F. 
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In Figure 6.13, there are two Revit models that represent wing design 01 and 02 for each 
discipline (Arch01, Arch02, and so on). There are three instances of each linked model. For each 
instance of a linked model, you can specify the Workset parameter so that the workset instance 
property represents the wing, and the type property reflects either the entire discipline or one of 
the discipline models, as in this example: 


@ Instance workset: Wing A 


@ Type workset: Link-Architecture01 or simply Link-Architecture 


Using this example, you can choose to open the Wing A workset, which would load all the 
discipline models but only for Wing A, or you could choose to open the Link-Architecture 
workset, which would load only the architectural models but for all the wings. You can modify 
the workset-type properties only after placing a linked model in your project. Access this 
setting by selecting an instance of a linked model and opening the Properties palette, and then 
click Edit Type. Although this functionality can offer a variety of benefits to your project team, it 
should be used with care and proper planning because it can adversely affect model visibility if 


you are using worksets for visibility manipulation. 
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Worksharing-enabled linked models also afford you the flexibility to adjust the visibility 
of project elements for the entire project, without relying on individual settings per view or 
maintenance of view templates. For example, grids and levels are not usually displayed from 
linked models because their extents are not editable in the host model and the graphics may not 
match those in the host model. Without worksets, the owner of the host model would have to 
establish visibility settings for the linked model within all views and hopefully manage those 
settings in view templates. Assuming the owner of the linked model maintains the levels and 
grids on an agreed-upon workset such as Shared Levels and Grids, you will be able to close that 
workset in one place, thus affecting the entire host project. To modify the workset options for 
linked Revit models, follow these steps: 


1. Open the Manage Links dialog box and switch to the Revit tab. 
2. Select one of the linked files and click the Manage Worksets button. 


3. In the Manage Worksets for Link dialog box, select the worksets you would like to close, 
click the Close button, and then click Reload. 


4. Click OK to close the Manage Links dialog box. 


RELATIVE PATHS OF LINKED MODELS 


If your team is working in a situation where your project file(s) is regularly transferred between 
multiple locations throughout the design process, you may find it difficult to maintain linked 
files (they are unloaded when the file is returned), even if you are using relative paths. To allevi- 
ate this problem, try keeping the linked models and CAD files within subdirectories of the cen- 
tral file. For example, if your central file is saved in W:\Architecture\BIM, try keeping linked 
CAD files in W:\Architecture\BIM\Links-CAD and linked Revit models from consultants in 
W:\Architecture\BIM\Links-RVT. 


Summarizing the Benefits and Limitations of Linked Models 


Let’s review some of the benefits and limitations of using linked Revit models. You should 
carefully consider these aspects not only when preparing for interdisciplinary coordination but 
also when managing large, complex projects with linked files. 

The following list highlights some of the benefits and limitations: 


Tagging Elements in Linked Files Most model elements from a linked model can be 
tagged in a host model. Linked views can also be used if the annotation exists in the linked 
model and needs to be displayed in the host. 


Scheduling Elements in Linked Files In the Fields tab of the Schedule Properties dialog 
box, check the option Include Elements In Links. 


Copying/Pasting Elements from Linked Files Ina host model, use the Tab key to select 
any individual element within a linked file, and you can use standard copy-and-paste 
techniques to create a copy of the element in the host model. 


Hiding Elements in Linked Files In addition to having full control of a linked model’s 
visual fidelity through object styles, you can use the Tab key to select an individual element 
in a linked file and use the Hide In View commands as you would on any element within the 
host model. 
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Certification 
Objective 


The following list highlights some of the limitations: 


Joining Walls Walls cannot be joined between linked Revit models. Consider alternative 
graphic techniques such as using coarse-scale black solid fill to mask unjoined walls. 


Opening Linked Models You cannot have a host model with loaded linked models open 
in the same Revit session as the linked model files. Either separate Revit sessions must be 
launched or the host file must be closed before opening a linked model. If you choose not 
to follow either of these options and open the link in your current session, the linked model 
will be unloaded and need to be reloaded after the edits are made. 


Using Linked Models—Exercises 


Before you begin the exercises in this chapter, download the related files from this book’s web 
page. The project files in each section’s exercise should be saved because the lessons will build 
on the data. In this first exercise, you will do the following: 


@ Link the architectural model to a structural project. 


@ Establish shared coordinates. 


The structural model is essentially a blank project with a few element types specifically built 
for this chapter’s lessons. Let’s get started working with shared coordinates: 


1. Open the sample project file c06-1-Structure.rvt or c06-1-Structure-Metric.rvt 
and activate the Level 1 floor plan. 


2. Switch to the Insert tab and select Link Revit. 


On the Revit tab of the Manage Links dialog box, click the Add button to add a new linked 
model. To make the steps easier to follow, the rest of this chapter will use the Link Revit 
button on the Insert tab, but both buttons will give you the same result. 


3. Navigate to the file c06-2-Architecture.rvt or cO6-2-Architecture-Metric.rvt. 
4. Set the Positioning option to Auto — Center To Center and click Open. 


5. Activate the South elevation view and use the Align tool to bring the linked model’s 
Level 1 down to align with Level 1 in the host model if necessary. 


Remember, linked models should be aligned to the geometry in the host model. The modeled 
elements in the host model should be as close to the internal project origin as possible. 


6. Switch to the Manage tab, and from the Project Location panel, select Coordinates > 
Acquire Coordinates. Pick the linked model. 


The elevation value displayed in the level within the host file has changed to match the 
shared elevation in the linked file. This is because the Elevation Base parameter of the level’s 
type properties has been set to Survey Point. 


7. Save the project file for subsequent exercises in this chapter. 


MODIFYING ELEMENT VISIBILITY IN LINKED FILES 


Once you have linked one or more Revit files into your source project file, you may want to 
adjust the visibility of elements within the linked files. By default, the display settings in the 
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Visibility/Graphic Overrides dialog box are set to By Host View for linked files, which means 
model objects in the linked files will adopt the same appearance as the host file. In the following 
exercise, we'll show you how to customize these settings to turn the furniture off in the linked 
file and then display the room tags: 


1. Continue this exercise with the structural model that you saved with the linked 
architectural model. 


2. Activate the Level 1 floor plan from the Project Browser. 


3. Go to the View tab in the ribbon, locate the Graphics panel, and select Visibility/Graphics. 
In the Visibility/Graphic Overrides dialog box, select the Revit Links tab. 


You will see the linked architectural model listed as an expandable tree. Click the plus sign 
next to the name of the linked file, and you will see a numbered instance of the link. This 
allows you to customize the visibility for each instance of a linked file if you have multiple 
copies of the link in the host file. 


4. Inthe row displaying the name of the linked file, click the button in the Display Settings 
column that is labeled By Host View. 


Doing so opens the RVT Link Display Settings dialog box. 


5. To begin customizing the display of elements in the linked file, you must first choose the 
Custom option in the Basics tab, as shown in Figure 6.14. This enables all the options in 
each tab of the RVT Link Display Settings dialog box. 


FIGURE 6.14 
Enable all custom 


display settings for a Basics | Model Categories | Annotation Categories | Analytical Model Categories | Import Categories | 


linked RVT file. 
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View filters; <By host view> — — 
View range: 
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Detail level: | <By host view> (Coarse) v | 
Discipline: | <By host view> (Architectural) v | 
Color fill; | <By host view> ~ | 
object atv 
Nested irks: 
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6. Select the Model Categories tab and choose <Custom> in the drop-down list at the top of 
the dialog box, as shown in Figure 6.15. 
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FIGURE 6.15 
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7. Clear the check marks from the following categories: Casework, Furniture, and Furniture 


Systems. 


8. Click OK to close all open dialog boxes. 


You should observe that all the furniture and casework from the linked architecture file are 
no longer visible in the Level 1 floor plan. In a standard architecture-to-structure collaboration 
scenario, the structural engineer is likely to have a view template in which typical architectural 
elements are already hidden. In such a case, the default By Host View settings would be sufficient. 
The previous exercise illustrates a scenario where additional visual control is required. 


USING LINKED VIEWS 


Whereas the previous exercise focused on the display of model elements, a slightly different 
approach is required to use annotation elements from a linked file. In the following exercise, we 
will show you how to display the room tags from the linked architectural model. Many other 
tags can be applied to linked model elements. Here are the steps: 


1. Continue with the structural model saved from the previous exercise and make sure you 
have activated the Level 1 floor plan. 


2. Open the Visibility/Graphic Overrides dialog box and select the Revit Links tab. 
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3. The button in the Display Settings column should be labeled as Custom based on the 
previous exercise. Click the Custom button to open the RVT Link Display Settings dialog box. 


4. Select the Basics tab and click the Linked View drop-down box. You will see the floor 
plans available for reference in the linked file. Only view types similar to the current 
view in the host file will be available for use as a linked view. 


3S. Select the linked view named Level 1-A-Anno. 
6. Click OK to close all open dialog boxes. 


After completing these steps, you should see the room tags from the linked architectural file 
in the host file. Remember that you can tag other model elements in linked files. Try using the 
Tag By Category tool to place some door tags on the linked architectural model. 


Using the Coordination Tools 


Once you have established the configuration of linked Revit models for your project, the next 
step is to create intelligently bound references between specific elements within the models. In 
the past, CAD users might have referenced files containing grid lines or level lines to establish 

a level of coordination between one user’s data and another’s. These elements in CAD are 
merely lines—not datum objects as they are in a Revit model. If these referenced elements were 
modified in a CAD setting, the graphic appearance of the referenced lines would update, but 
there would be no additional automated response to the geometry. It would be the responsibility 
of the recipient to update any referring geometry in their host files. 

The coordination tools in Revit—Copy/Monitor and Coordination Review—allow a 
project team to ensure a high degree of quality control while achieving it at an increased 
level of productivity. These tools can function on datum (levels and grids) as well as model 
elements such as columns, walls, floors, and fixtures. The Copy/Monitor command is used 
first to establish the intelligent bonds between linked elements and host elements, whereas the 
Coordination Review command automatically monitors differences between host and linked 
elements that were previously bound with the Copy/Monitor command. 

Although these tools are indeed powerful and have no similarities to CAD workflows of the 
past, it is important to employ proper planning and coordination with your design team. The 
familiar adage of “quality over quantity” holds true for the implementation of coordination 
tools. It may not be necessary to create monitored copies of all structural elements within the 
architectural model. How would these affect project-wide quantity takeoffs for the sake of 
minor improvements in graphic quality? 

We reiterate the necessity of developing a BIM execution plan to determine important aspects 
of the collaboration process. When using specific coordination tools such as those in Revit, 
teams might plan on issues such as these: 


Who is the “owner” of grids and levels? 
Who is the “owner” of floor slabs? 
Are structural walls copied, monitored, or just linked? 


How often are models exchanged? 


©% ¢ è% 


How are coordination conflicts resolved? 
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A seemingly powerful BIM tool will not replace the need for professional supervision and 
the standard of care implicit to respective disciplines in the building industry. Thus, there is no 
substitution for the most important part of effective collaboration: communication. Without open 
and honest communication, the coordination tools will discover conflicts, but the results may be 
ignored, dismissed, or overwritten, to the detriment of the team’s progress. 


Certification Using the Copy/Monitor Command 


og tive The Copy/Monitor command allows you to create copies of linked elements for better graphic 


control of the elements while maintaining an intelligent bond to the linked elements. If the 
linked element changes in a subsequent iteration of the project file, the changes are detected in 
the Coordination Review tool, which we will discuss next. 

With the structural model saved from the “Using Linked Models” exercises, switch to the 
Collaborate tab and select Copy/Monitor > Select Link. Pick the linked architectural model, and 
the ribbon will change to Copy/Monitor mode. Click the Options icon to open the dialog box 
shown in Figure 6.16. 


FIGURE 6.16 
Element tabs available 
for Copy/Monitor in 


Revit Architecture 
Categories and Types to copy: 


Original type | New type | 
1/4" Head | TOS Head 
——NoHead TOS Head 


Additional Copy Parameters: 


Parameter 


Offset Level 
Reuse Levels with the same name |i! 


| Reuse matching Levels ‘Don't reuse 
| Add suffix to Level Name 
Add prefix to Level Name 








As shown in Figure 6.16, the Copy/Monitor Options dialog box in Revit is divided into five 
tabs representing the elements available to be copied and/or monitored. For each element tab, 
there is a list called Categories And Types To Copy. As shown in Figure 6.17, the Floors tab 
lists the available floor types in the linked model in the left column and host model floor types 
in the right column. Notice that any of the linked types can be specified with the option Don't 
Copy This Type. This feature can be used for quality control if your project’s BIM execution 
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plan states that certain elements are not to be copied. For example, if walls are not to be copied, 
switch to the Walls tab and set all linked wall types to Don’t Copy This Type. You can also use 
the option Copy Original Type if the element type exists in the linked file but not in the host file. 


After one or more of these elements are selected using Copy/Monitor, the type mapping will be 
synchronized. 


FIGURE 6.17 

The Copy/Monitor 

Options dialog box a | Grids ] Cokmns | Walls | Floors | 
allows customization i — 

for intelligent Categories and Types to copy: 
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Additional Copy Parameters: 














At the bottom of the Copy/Monitor Options dialog box, you will find a section called 
Additional Copy Parameters for each element tab (refer to Figure 6.16 and 6.17). The additional 
parameters are different for each element category. For example, when levels are copied and 
monitored, an offset and naming prefix can be applied to accommodate the difference between 
the finish floor level in a linked architectural model and the top-of-steel level in the host 
structural model. 


Let’s take a closer look at each of the element category options available for the Copy/Monitor 
tool: 


Levels In most cases, the difference between the location of a structural level and an 
architectural level may lead to the presumption that you would not want to copy levels 
between files. However, maintaining an offset between linked and host levels can be quite 
desirable. Keep in mind that the offset will apply to all copy/monitor selections. Thus, if a 
structural level needs to be offset by a different value, create the level in the host model and 
use the Monitor command to create the intelligent bond to the linked model’s level. The 
difference will be maintained through any modifications in the linked model. 
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Grids Copying the grids is usually a strong workflow. You can use the options on these tabs to 
convert the grid bubbles used by the architect into those used by the structural engineer. It is also 
possible to add a prefix to the grid names. For instance, you could add the value S- in the prefix 
field, and then grid A from the architectural model will come into the structural model as S-A. 


Columns The structural engineer can choose to replace any column—architectural or 
structural—in the architectural model with an appropriate structural column; however, this 
implies that the architect will maintain an understanding of where differentiating column 
types would exist. Realistically, the structural elements should exist only in the structural 
engineer’s model and then link into the architectural model. The architect may then choose 
to either copy/monitor the linked structural columns with architectural columns (which 

act as finish wrappers) or place architectural columns along the monitored grid lines. In the 
latter option, architectural columns will move along with changes in grid line locations but 
will not update if structural columns are removed in the linked model. 


Walls and Floors Similar to columns, structural walls that are important to the coordination 
process may be better managed in the structural model and linked into the architectural 
model. If you decide to use a copy/monitor relationship for these types of elements, it is best 

to create uniquely named wall types for structural coordination. Name such wall types ina 
manner that makes them display at the top of the list in the Copy/Monitor Options dialog box. 
You can do so by adding a hyphen (-) or underscore (_) at the beginning of the wall type name. 


Finally, make sure you select the check box Copy Windows/Doors/Openings for walls or 
Copy Openings/Inserts for floors so that you also get the appropriate openings for those 
components in the monitored elements. 


Using the Copy/Monitor Command—An Exercise 


Continue with the structural model saved in the previous exercise in this chapter. In this 
exercise, you will do the following: 


@ Use Copy/Monitor to establish new levels and grids. 

@ Use Copy/Monitor to create floors. 

@ Link the new structural model back to the architectural model. 
@ Use the Monitor option for grids in the architectural model. 


These steps will establish the intelligent bonds between elements in the host file with the 
related elements in the linked model. With the structural model open, activate the South 
elevation view. Then follow these steps: 


1. Switch to the Collaborate tab and select Copy/Monitor > Select Link. Choose the linked 
model. 


2. On the Copy/Monitor tab, click the Options button. 


3. Select the Levels tab, and under Categories And Types To Copy, make sure the rows 
under New Type are set to TOS Head (Survey Pt). In the Additional Copy Parameters 
section, set the following options: 


@ Offset Level: —0'-6" (-150 mm) 
@ Add the prefix to Level Name: T.O.S. 


USING THE COORDINATION TOOLS| 229 


4. Select the Grids tab, and under Categories And Types To Copy, make sure the rows under 
New Type are set to 1/4" Square (6.5 mm Square). 


5. Select the Floors tab and set the following options under Categories And Types To Copy: 
@ Arch Slab 6" (150 mm): LW Concrete on Metal Deck 
@ Set all other entries under Original Type to Don’t Copy This Type. 


Remember that you can select multiple rows in the Categories And Types To Copy list by 
pressing the Shift key while selecting a range of rows. You may then make a selection in 
the New Type column for any row, and all the selected rows will be modified. 


In the Additional Copy Parameters section, set the following option: 
@ Copy Openings/Inserts: Yes (checked) 

6. Click OK to close the Copy/Monitor Options dialog box. 

7. From the Copy/Monitor tab of the ribbon, choose the Copy button. 


8. Select the Level 2 and Roof levels in the linked model. Levels in the host model should be 
created 6" (150 mm) below the linked levels with the prefix T.O.S. (Top Of Structure). 


There is already a Level 1 in the host model. You will need to use the Monitor tool to 
establish a relationship to the Level 1 in the linked model. 


9. From the Copy/Monitor tab of the ribbon, choose the Monitor button and select Level 1 in 
the host model. 


You can only select levels in the host model for the first pick. 
10. Select Level 1 in the linked model to complete the monitored relationship. 


You will see an icon appear near the midpoint of the level indicating that it is now 
monitoring the level in the linked model. 


11. Activate Section 1 and return to Copy mode by clicking the Copy button in the Copy/ 
Monitor tab of the ribbon. 


12. Select the floor in the linked model at Level 2. 


13. Activate the Level 1 floor plan and make sure the Copy tool is still active. Check the 
Multiple option in the Options bar. 


14. Select all the visible grids using any selection method you prefer. 


15. Click the Finish button in the Options bar to complete the multiple copy process for 
the grids. Do not click the Finish icon in the Copy/Monitor tab of the ribbon without 
finishing the Multiple selection mode first. 


16. Click the Finish icon in the Copy/Monitor tab of the ribbon to exit Copy/Monitor mode. 


If you now select any of the grids or levels in the host file, you will see a monitor icon 
near the center of the element. This icon indicates that the intelligent bond has been created 
between the host and the linked element and will evaluate any modifications in the linked file 
whenever the file is reloaded. 
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Save and close the structural model and then open the architectural model. Using the 
procedures you have learned in this chapter, link the structural file into the architectural 
model. Placement should be done in the Level 1 floor plan using Auto — By Shared Coordinates 
positioning. 

Use the Copy/Monitor tools in Monitor mode to establish the relationships of the grids 
between host and linked models. Doing so will ensure that changes to grids in either model will 
be coordinated. 


Using the Coordination Review Tool 


After intelligent bonds have been established between elements in linked models, it is the 
purpose of the Coordination Review tool to support the workflow when datum or model 
elements are modified. This tool was designed to allow the recipient of linked data to con- 
trol how and when elements in host models are modified based on changes in the linked 
models. 

When a linked model is reloaded—which will happen automatically when the host model 
is opened or when you manually reload the linked model in the Manage Links dialog box— 
monitored elements will check for any inconsistencies. If any are found, you will see a warning 
message that a linked instance needs a coordination review. 


‘Autodesk Revit 
Warning - can be ignored 
Instance of linked .rvt file needs Coordination Review 





The Coordination Review warning is triggered when any of the following scenarios occur: 
@ Amonitored element in the linked model is changed, moved, or deleted. 
@ Amonitored element in the host model is changed, moved, or deleted. 


@ Both the original monitored element and the copied element are changed, moved, or 
deleted. 


@ Ahosted element (door, window, opening) is added, moved, changed, or deleted ina 
monitored wall or floor. 


@ The copied elementin the host file is deleted. 


To perform a coordination review, switch to the Collaborate tab and click Coordination 
Review > Select Link. After picking one of the linked models, you will see the Coordination 
Review dialog box, which lists any inconsistencies in monitored elements (Figure 6.18). 
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For each of the changes detected in the Coordination Review dialog box, one of the following 
actions can be applied. Actions that result in changes to elements will be applied only to the 
host model; they do not modify elements in a linked model. Also, not all options are available 
for all monitored elements. 


FIGURE 6.18 
The Coordination 
Review dialog box 


lists inconsistencies Group by: Status, Category, Rue v 
Message [= Action sit Comment | 
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Postpone Takes no action on the monitored element and changes the message status so that 
it can be filtered out or considered later. 


Reject Select this action if you believe the change made to the element in the linked file is 
incorrect. A change must then be made to the element in the linked file. 


Accept Difference Accepts the change made to the element and updates the relationship. For 
example, if a pair of grids was 8" (200 mm) apart and one was moved to 12' (300 mm) away, the 
change would be accepted and the relationship would now consist of a dimensional offset. 


Modify, Rename, Move The command name changes based on the action. If the name 
of the monitored element has changed, the command reads Rename. If a column or level is 
moved, the command is Move. If a grid is changed or moved, the command is Modify. 


Ignore New Elements A new hosted element has been added to a monitored wall or floor. 
Select this action to ignore the new element in the host. It will not be monitored for changes. 


Copy New Elements A new hosted element has been added to a monitored wall or floor. 
Select this action to add the new element to the host and monitor it for changes. 


Delete Element A monitored element has been deleted. Select this action to delete the 
corresponding element in the current project. 


Copy Sketch The sketch or boundary of a monitored opening has changed. Select this 
action to change the corresponding opening in the current project. 


Update Extents The extents of a monitored element have changed. Select this action to 
change the corresponding element in the current project. 
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As you can see, Coordination Review can be a powerful tool to support the collaboration process. 
Remember that such a tool may not be appropriate for all elements at all times. For example, instead 
of copying and monitoring columns and grids, it may be sufficient to copy and monitor only grids 
because the columns placed in your host model will move with the grids anyway. 


Using the Coordination Review Tool—An Exercise 


In this exercise, you will use two files that have already been linked together with monitored elements 
between both files. You can download the files cO6-Review-Arch.rvt or cO6-Review-Arch- 
Metric.rvt (architectural model) and cO6-Review-Stru.rvt or cO6-Review-Stru-Metric.rvt 
(structural model) from this book’s web page. In this exercise, you will do the following: 


@ Modify elements in the architectural model. 
@ Use Coordination Review to address these changes in the structural model. 


Remember that you can’t have a host model and a linked model open in the same Revit 
session. To make this lesson easier, you can launch a second Revit session. Open c06-Review- 
Arch.rvt or c06-Review-Arch-Metric.rvt in one session and c06-Review-Stru.rvt or 
c06-Review-Stru-Metric.rvt in the other. Then follow these steps: 


1. Inthe architectural model, activate the Level 1 floor plan and make the following modifications: 
@ Move grid line F to the north by 2'-0" (600 mm). 
@ Rename grid 6 to 8. 


2. Save the architectural model and switch to the structural model. Open the Manage Links 
window, select the linked architectural model, and click Reload. Once the file is done 
reloading, you are presented with the Coordination Review warning. Click OK to close 
the dialog box and then click OK to close the Manage Links dialog box. 


3. Inthe structural project, activate the Level 1 floor plan, and then switch to the Collaborate 
tab and choose Coordination Review > Select Link. Select the linked architectural model. 


4. When the Coordination Review dialog box opens, you will see changes to monitored 
elements detected in the reloaded architectural model. You may need to expand some of 
the statuses and categories to reveal the detected change and the drop-down list under 
the Action column. 


5. Apply the appropriate modifying action to each of the detected changes. (Modify the 
moved grid, and rename the numbered grid.) 


6. Click Apply and OK to close the dialog box. 


In the previous exercise, you might have noticed the appearance of a monitored floor sketch. 
Why did a floor sketch change if you only moved a grid and renamed another? The answer lies 
in constraints and relationships. The exterior wall in the architectural model was constrained 
to be 2'-0" (600 mm) offset from grid line F. When it was moved, the exterior wall was moved 
to maintain the offset. The sketches of the model’s floor slabs were created using the Pick 
Walls tools, creating an intelligent relationship to the wall. The modified grid affected the wall, 
which modified the floor, and the Coordination Monitor tools ensured that all changes were 
detected and presented to you for action. 
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Using Interference Checking in 3D Coordination 


In addition to asset management, digital fabrication, and cost estimation, 3D coordination is one 
of the most important uses of building information modeling. It has enormous potential to reduce 
the costs of construction through the computerized resolution of clashing building elements 

as well as exposing opportunities for alternate trade scheduling or prefabrication. The key 
component to achieving 3D coordination is interference checking, also known as clash detection. 


CD Real World Scenario 


INDIANA UNIVERSITY DEFINES CLASHES 


As we mentioned previously in this chapter, not only are some building and facility owners requiring 
BIM processes and deliverables for new projects, but they are also defining how these processes are 
to be used. When you focus on interference checking, the myriad of potential clashes can be distilled 
into a prioritized grouping of building elements. Borrowing from Indiana University’s BIM Standards 
& Guidelines for Architects, Engineers, & Contractors, the following is an intelligent approach to the 
organization of potential interferences. (Always remember that the priorities listed here are based 
on the requirements of one organization. The needs of your firm and those of your clients may vary.) 
LEVEL ONE CLASHES 


Clashes in these categories are considered the most critical to the coordination process. They usually 
relate to systems or construction techniques that are more costly to delay or reschedule. 


@ Mechanical Ductwork and Piping vs. Ceilings 


@ Mechanical Ductwork and Piping vs. Rated Walls (for coordination of dampers and other 
mechanical equipment needs) 


Mechanical Ductwork and Piping vs. Structure (columns, beams, framing, etc.) 
All Equipment and Their Applicable Clearances vs. Walls 
All Equipment and Their Applicable Clearances vs. Structure 


Mechanical Equipment and Fixtures vs. Electrical Equipment and Fixtures 


©% © ©% >% 


Mechanical Ductwork and Piping vs. Plumbing Piping 


LEVEL TWO CLASHES 


These categories of clashes are considered important to the design and construction process but 
are less critical than those designated as Level One. 


Casework vs. Electrical Fixtures and Devices 

Furnishings vs. Electrical Fixtures and Devices 

Structure vs. Specialty Equipment 

Structure vs. Electrical Equipment, Fixtures, and Devices 


Ductwork and Piping vs. Electrical Equipment, Fixtures, and Devices 


+ © >% >% >è œ 


Ductwork vs. Floors 


(continues) 
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(continued) 


LEVEL THREE CLASHES 


These clashes are considered important to the correctness of the model; however, they will usually 
change on a regular basis throughout the design and construction process. 


@ Casework vs. Walls 

@ Plumbing Piping vs. Electrical Equipment, Fixtures, and Devices 
@ Plumbing Piping vs. Mechanical Equipment, Fixtures, and Devices 
+ 


ADA Clear Space Requirements vs. Doors, Fixtures, Walls, Structure 


USING THE INTERFERENCE CHECK TOOL 


The Interference Check tool is a basic tool supporting 3D coordination. You can use it within a 
single project model or between linked models. You can also select elements prior to running 
the tool in order to detect clashes within a limited set of geometry instead of the entire project. 
For more powerful clash-detection capabilities, Autodesk offers Navisworks® Manage 
(www. autodesk. com/navisworks), which is a multiformat model-reviewing tool with various 
modules supporting phasing simulation, visualization, and clash detection. Figure 6.19 shows an 
example of a model in Navisworks Manage comprising Revit, Tekla Structures, and AutoCAD 
MEP components. Some of the benefits of using Navisworks for interference-checking over 
Revit include automated views of each clash, grouping of related clashes, enhanced reporting, 
clash-resolution tracking, and markup capabilities. Revit models can be opened directly in 
Navisworks or exported directly to the Navisworks format from the Application menu. 


FIGURE 6.19 
3D coordination 
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RUNNING AN INTERFERENCE CHECK—AN EXERCISE 


Let’s take a look at the Revit interference-checking process. For this exercise, you will need 
to download three sample files to your computer or network: cO06-Interference-Arch. 
rvt, cO6-Interference-Mech.rvt, and c06-Interference-Stru.rvt. You can down- 
load these files from this book’s web page. The sample files are already linked to each 
other using relative paths, so be sure to place all three files in the same folder. Then follow 
these steps: 


1. Open the file c06-Interference-Mech.rvt and activate the default 3D view. 


2. Switch to the Collaborate tab, find the Coordinate panel, and choose Interference Check > 
Run Interference Check. 


3. When the Interference Check dialog box appears, choose c06-Interference-Stru.rvt 
from the Categories From drop-down list in the left column. Select Structural Framing in 
the left column and Ducts in the right column (Figure 6.20). 
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4. Click OK to close the dialog box. 


5. The Interference Report window will appear, listing all clashes detected between 
the categories you selected. The list can be sorted by either Category 1 or Category 2, 
representing the left and right columns in the Interference Check dialog box, respectively. 
In Figure 6.21, one interference condition has been selected, and the corresponding 
element is highlighted in the 3D view. 
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You can navigate in the 3D view using any method (mouse, ViewCube®, or SteeringWheels®) 
while keeping the interference report open. This facilitates resolution of the clashing items. 
The results of the interference check can also be exported to an HTML format report. Click the 
Export button and specify a location for the report. You can then share this report with other 
members of your design team for remedial actions on linked models. 


The Bottom Line 


Prepare for interdisciplinary collaboration. Proper planning and communication are the 
foundation of effective collaboration. Although only some client organizations may require a 
BIM planning document, it is a recommended strategy for all design teams. 


Master It What are the key elements of a BIM execution plan? 


Collaborate using linked Revit models. The most basic tool for collaboration is the 
ability to view consultants’ data directly within the context of your own model. Project files 
from other disciplines can be linked and displayed with predictable visual fidelity without 
complex conversion processes. 


Master It How can worksharing complement the use of linked Revit models? 


Use Copy/Monitor between linked models. The Coordination Monitor tools establish 
intelligent bonds between elements in a host file and correlating elements in a linked model. 
They also support a workflow that respects the needs of discrete teams developing their own 
data, perhaps on a different schedule than that of other team members. 


Master It How can grids in two different Revit projects be related? 


Run interference checks. Interference checking—also known as clash detection—is one of 
the most important components of building information modeling. It is the essence of virtual 
construction and has the greatest potential for cost savings during the physical construction 
process. 


Master It How do you find interfering objects between two linked Revit models? 


Interoperability: Working 
Multiplatform 


In the previous chapter, we discussed working with others in an environment in which all 
parties use Autodesk® Revit® Architecture software; however, often you'll need to work with 
data from other software platforms. For example, you may need to coordinate data from other 
disciplines, reuse legacy data, or integrate disparate design platforms. There are several ways to 
use external data within your Revit Architecture model in both 2D and 3D. We will discuss not 
only the methods of importing and exporting data but also when to use each method and the 
reasons for using specific settings. 


In this chapter, you'll learn to: 
Use imported 2D CAD data 
Export 2D CAD data 

Use imported 3D model data 
Export 3D model data 
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Work with IFC imports and exports 


Examining Interoperability on a BIM Curve 


Based on a 2007 study on interoperability in the design and construction industry, McGraw-Hill 
Construction reported annual losses of $9.1 billion in the building industry due to insufficient 
interoperability. You can find the full report online (http: //www.aia.org/aiaucmp/groups/ 
aia/documents/pdf/aias077485. pdf). This study underscores a problem that building 
information modeling (BIM) as a whole is designed to address. Adequate interoperability 
will help rectify the problem illustrated in Figure 7.1, sometimes known as the BIM curve. In 
Figure 7.1, the downward spikes in the lower line at the end of each project phase represent a 
loss of knowledge and acquired data. This loss usually occurs when a project is exported from 
BIM to a 2D CAD format or is printed to paper. Project data is then gradually reconstructed in 
another software platform. The upper line represents a more ideal paradigm where data and 
knowledge are gradually increased throughout the life of the project—a paradigm supported by 
BIM and full interoperability. 

Although full interoperability between BIM platforms is the ideal scenario, we realize that 
you are likely to be working with constituents who are using 2D CAD or non-BIM 3D software. 


238 |CHAPTER7 INTEROPERABILITY: WORKING MULTIPLATFORM 


FIGURE 7.1 Knowledge Sources 


The BIM curve shows 
kao aini o 


interoperability at project 


: More 
milestones. | 


Source: P. Bernstein, Autodesk AEC 
Solutions 


Knowledge 





Inserting CAD Data 


Although Revit software provides ample means to generate 2D documentation based on a rich 
multidimensional (3D, 4D, 5D, and so on) model, there are a few real-world scenarios in which 
CAD data must be integrated with the building information model. Such scenarios might 
include the following: 


@ Using CAD details developed within your firm 
Coordinating with other firms using CAD software 
Converting projects from CAD to a Revit model 


Using external modeling tools for conceptual massing 
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Using complex component models from other software 


Using Predefined Settings for Inserted CAD Data 


When you are inserting data from a DWG or DXF file, you can establish some predefined 
settings to control its appearance within the Revit environment. Some settings are controlled at 
the time you insert a CAD file, but other settings can be configured more deliberately in saved 
configuration files. The two ways you can configure this data are by mapping layer colors to 
Revit line weights and converting font types. 


MAPPING LAYER COLORS 


For inserted CAD files, layers within the file are assigned a Revit line weight based on the 
weight assigned to each layer by the CAD software application that created the files. If the layer 
line weights are set to Default in the CAD file, they will follow a translation template you can 
configure that maps the layer colors to Revit line weights. To access these settings, select the 
Insert tab and click the dialog launcher at the bottom right of the Import panel. Doing so opens 
the Import Line Weights dialog box, shown in Figure 7.2. 
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As you can see in the title bar of this dialog box, these settings are stored in a text file (TXT) 
in the Data folder where Revit is installed. There are several predefined text files based on 
international CAD standards for layer color: 


@ AJA (American Institute of Architects) 

@ BS1192 (British Standard) 

@ CP83 (Singapore Standard) 

@ 15013567 (International Standards Organization) 


Click the Load button to select one of these predefined line weight templates or your own. 
Based on the unique needs of some projects, you might also consider creating customized 
import setting files and storing them along with the rest of your project data. 


DEFINING THE IMPORTED LINE WEIGHTS TEMPLATE IN REVIT.INI FILES 


The file location for the imported line weights template is stored in the Revit.ini file under the 
following category: 


[Directories] 
ImportLineweightsNameDWG=< Full path to TXT file > 


If you are using any kind of automation scripts to set up standards, your imported line weights 
template file location can be written into the Revit.in7i file for all your users. Doing so ensures 
consistency for all team members inserting CAD data into your Revit project. 


MAPPING FONT TYPES 


Another important aspect for inserted CAD data is the ability to map shape-based fonts to TrueType 
fonts. Usually a remnant of older CAD standards based on graphic performance, CAD files may contain 
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fonts such as Simplex, Romans, or Monotxt that do not have matches in standard Windows fonts. The 
shxfontmap.txt file defines the mapping of Truelype fonts as substitutes for each specified SHX font. 
You can find this text file at C:\ProgramData\Autodesk\RVT 2016\UserDataCache. 

If your firm frequently uses CAD data as an integrated part of your final documentation, the 
shxfontmap.txt file should be configured to map your standard CAD fonts to your standard 
fonts used in a Revit project. This file should then be copied to the workstations of all team 
members using Revit software. Failure to do so may result in undesirable results when using 
CAD files in a worksharing environment. 


Importing vs. Linking 
You can insert CAD data into the Revit environment in two ways: importing and linking. Each 
method has advantages and disadvantages. 


Importing Similar to the using the Insert command in Autodesk® AutoCAD® software, 
importing data integrates the CAD data into the Revit project but does not allow the imported 
data to be updated if the original CAD file is modified. In such a case, the imported data would 
have to be deleted and reimported. It also does not give you an easy way to purge the layers, 
linetypes, and hatch patterns of an imported file if it has been exploded and then deleted. 


Linking A linked CAD file in a Revit project is analogous to an external reference (Xref) in 
an AutoCAD project. When the original CAD file is modified, its reference is automatically 
updated in the Revit environment. Linking also allows you to easily unload or remove a file 
when it is no longer needed, which will leave no trace of the file’s contents after removal. 


Linked data cannot be modified directly in a Revit project unless it is converted to an import 

in the Manage Links dialog box (Insert > Manage Links) and then exploded. We discuss this 
process in the “Manipulating Inserted CAD Data” section later in this chapter. As an alternative, 
it can be modified in its original authoring application and then updated within Revit. 

Linking is the preferred method for external data integration; however, too many linked files 
will make it slower to open a Revit project. For example, ceiling plan fixture layouts may 
change with every design iteration (where linking is preferred); however, standard details 
that all share a minimal amount of standardized layers, linetypes, hatch patterns, text, and 
dimension styles might be better suited as imports. 


COLLECT CAD LINKS IN A LINKED REVIT FILE 


Another option to manage many CAD references in larger projects is to create a separate Revit 
project that contains only the inserted CAD data. If the CAD data is placed with the Current View 
Only option, you must use linked views between Revit models. If the linked data does not use this 
option, it will be visible like any other modeled element in a linked Revit model. Refer to Chapter 6, 
“Working with Consultants,” for more information about linked Revit models. 


Using Options During Importing/Linking 

After you have configured the necessary settings for inserted CAD data and decided whether 
to import or link, you need to understand certain options during the import/link process. 
We'll discuss the preferred settings for each of the options based on real-world situations in the 
sections “Using Inserted 2D Data” and “Using Inserted 3D Data.” To place your first CAD file 
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into a Revit project, switch to the Insert tab and select either the Link CAD or the Import CAD 
button. No matter which tool you use, there will be several important options at the bottom of 
the respective dialog box, as shown in Figure 7.3. 
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Let’s examine the meaning of the settings in this situation: 


Current View Only When this option is selected, the linked or imported file can be seen 
only in the view in which it was inserted and is thus considered a view-specific element. In 
a worksharing-enabled project, this data will be assigned to the view’s workset. More often 
than not, you will want to choose this option to limit the number of views in which the 
referenced data will appear. If you need this data in other views, you can copy and paste it 
from one view to another. 


If the option is not selected, the linked file can be seen in all views, including 3D, elevations, 
and sections. In a worksharing-enabled project, this data will be assigned to the active 
workset. A benefit to using links in a worksharing environment is the ability to create a 
workset specifically for linked data and uncheck its Visible In All Views option. The CAD 
file(s) placed in this manner will not appear in every view but are available when you need 
them by adjusting the workset visibility in the Visibility/Graphic Overrides dialog box. 


Colors Colors don’t matter for CAD files being used as a basis to create a Revit model; 
however, using Invert or Preserve may help distinguish the CAD data from the modeled 
elements during the conversion process. If you are going to integrate the inserted data with 
other elements in your project for final design or construction documentation, you'll want to 
select the Black And White option, because printing from Revit is mostly WYSIWYG (what 
you see is what you get). Read the section “Using CAD Data for Coordination” for more 
detailed recommendations on this process. 


Layers/Levels These options allow you to import or link all the layers, only the layers 
visible when the CAD file was last saved, or a selected group of layers you choose from the 
linked file in a separate dialog box. (Layers is a DWG-based term. Revit software supports the 
same functionality with levels from DGN files.) 


Import Units For CAD files generated in an original program (that is, DWG from AutoCAD 
or DGN from MicroStation), the Auto-Detect option works well. If you are linking CAD data 
that has been exported from a different program, such as DWG exported from Rhino, you 
should specify the units relative to the respective CAD file. 


Positioning To maintain consistency in a multilevel project during a CAD-to-Revit 
coordination or conversion process, you should use Auto — Origin To Origin or Auto — By 
Shared Coordinates. Origin To Origin will align the world coordinates origin of the CAD file 
with the project internal origin. Although Autodesk claims Auto — By Shared Coordinates is 
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only for use with linked Revit files, it can be used with CAD files if the rotation of true north 
becomes inconsistent using the Origin To Origin option. 


Place At This option is available only if Current View Only is not selected; it specifies the 
level at which the inserted data will be placed. 


Correct Lines That Are Slightly Off Axis Selecting this option automatically corrects lines 
that are slightly off axis when you import or link CAD geometry. This option is selected by 
default and will help keep your Revit elements (such as walls or linework) that tie to CAD 
lines from being askew; however, you may need to consider this option carefully. If the CAD 
data you are inserting is intentionally off axis, the corrections may lead to inaccurate results. 
For example, a site plan may have property lines that are a fraction of a degree from being 
orthogonal, but they must be maintained for accurate building placement in your Revit project. 


Orient To View This option may be used if True North has been rotated away from Project 
North. If that is the case and you are linking a CAD file into a view that is set to True North, 
deselect this option to align the CAD file’s World Coordinate System with True North as 
defined in your Revit project. 


If you do check the Orient To View option, the CAD file will align with Project North 
regardless of the view orientation. 


Manipulating Inserted CAD Data 


Once you have CAD data imported or linked into a Revit project, you have several ways of 
manipulating the data to suit your needs: 


Foreground/Background This setting applies only to linked or imported CAD files placed 
with the Current View Only option. With the inserted file selected, a drop-down menu will 
appear in the Options bar so you can adjust whether the data appears above or below your 
modeled Revit content. You can also access this setting in the Properties palette when the 
inserted file is selected. 
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Pay close attention to this option when integrating 2D CAD data with an existing Revit 
model—sometimes linked or imported CAD data may not appear at all until you set the 
option to Foreground because of floors or ceilings obscuring the 2D data. 


Visibility of Layers/Levels The layers or levels within a linked or imported CAD file 

can be accessed in two ways, the easiest of which is the Query tool. First, select a linked or 
imported CAD file; then, from the contextual tab in the ribbon select the Query tool and pick 
an object in the CAD file. 
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You will see the Import Instance Query dialog box (Figure 7.4). Using this tool, you can hide 
the layer or level by clicking the Hide In View button. The Query tool will remain active even 
after you click any of the command buttons in the Import Instance Query dialog box, and 
you must press the Esc key or click the Modify button to end the command. 


FIGURE 7.4 
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The second way to make layers or levels in imported or linked CAD files invisible is to use 
the Visibility/Graphic Overrides dialog box by switching to the View tab and selecting 
Visibility/Graphics from the Graphics panel. Once the dialog box opens, select the Imported 
Categories tab, as shown in Figure 7.5. Only the inserted CAD files that are visible in the 
active view will be listed in this tab. Expand any listed file to expose the layers/levels within 
that file, and use the check boxes to customize visibility of the link within the current view. 
This method is the only way to restore visibility of layers/levels that were hidden with the 
Query tool. 


CAD DATA IN FAMILIES 


Remember that 2D and 3D data imported into Revit families will be listed under the Imports In 
Families category in both the Visibility/Graphic Overrides and Object Styles dialog boxes. They 
will not appear as separately listed files. 
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Graphic Overrides If you need to change the appearance of the content within a linked 

or imported CAD file, you can accomplish that at the project level or within an individual 
view. To change a CAD file’s appearance throughout the project, select the Manage tab on 
the ribbon, and click Object Styles in the Settings panel. Select the Imported Objects tab 
(Figure 7.6), and expand any of the imported or linked CAD files to change the color, line 
weight, line pattern, or material of the layers/levels within the referenced file. Changing 
these properties in the row of the filename does not affect the contents of that file. You can 
also apply these settings in a specific view using the Visibility/Graphic Overrides dialog box. 


FIGURE 7.6 
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Exploding Although we do not recommend exploding CAD data within a Revit project, 
you can do it to facilitate the modification of such data. Linked content must first be 
converted to an import in order to be exploded. You do this by selecting the Insert tab on 
the ribbon, choosing Manage Links from the Link panel, choosing a listed link, and clicking 
the Import button. To explode the imported file, select it, and choose Explode > Full Explode 
or Partial Explode from the contextual tab in the ribbon. The lines, text, and hatch patterns 
will become new line styles, text types, and fill regions in your project. Remember that these 
types of objects cannot be removed from your project via the Purge Unused command; you 
must remove them manually. 


TIPS ON IMPORTING CAD FILES 


To minimize the adverse impact of unnecessary styles and types carried into the Revit environ- 
ment with exploding imported CAD data, we recommend removing extraneous data in the CAD 
file before importing it. Here are some general tips for this workflow: 


@ If your import contains elements such as hatches or annotations not intended for use in the 
Revit project, delete them before importing. 


@ Consider consolidating data within the CAD file to a minimum number of layers or levels. Doing 
so will ease the process of converting to Revit line styles if the file is exploded. This process 
will also facilitate graphic overrides. 


@ If it is allowable within your workflow for the imported CAD file, import it into a family, and 
then insert that family into your project. This will not reduce the overall file size, but it will 
make it a lot easier to find and manipulate should your imported CAD file need additional 
changes. It will also give you some extra control over the graphic display of the imported file. 


Revit software doesn’t allow line segments shorter than 1/32" (0.8 mm). Although it might seem 
like you wouldn't have a lot of lines that length, many manufacturers’ details contain small 
fillets in sections and plans and will fall into this range. Take care when exploding CAD details 
with very small line segments because they will be removed upon exploding. A good example 
of this is the manufacturers’ details. Many of those CAD files have the level of detail needed to 
create the part (for example, a window mullion) but are not necessary for architectural detailing. 
Revit will automatically remove those shorter segments, and in some cases it might be quicker 
to simply trace over the detail rather than insert and explode it. 


Using Inserted 2D Data 


In the following sections, we will discuss how to import 2D CAD data from platforms such as 
AutoCAD (DWG) and MicroStation (DGN), or in the generic Drawing Exchange Format (DXF). 
You can also use files from other software platforms, but only if they are DWG, DGN, or DXF 
format. Most commercially available CAD programs are able to export in DWG or DXF format. 

There are three fundamental ways 2D CAD data can be used with respect to a building 
project’s floor plans, ceiling plans, or site plans: 


@ Using 2D data as backgrounds for BIM conversion 
@ Integrating 2D data with the model 
@ Importing CAD details 
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Setting Options for BIM Conversion 

Based on a common situation, we will assume that 2D CAD data will be linked into the Revit 
model to be converted into building elements. Although the positioning of the files is important, 
the color and line weights of the imported data are not. 

To begin the next exercise, you will need the files c07-Plan01.dwg and c07-Conversion- 
Start.rvt. You can download these files from this book’s web page, www. sybex .com/go/ 
masteringrevitarch2016. After downloading, open the c07-Conversion-Start.rvt file, 
and activate the Level 1 floor plan. Then follow these steps: 


1. Switch to the Insert tab and select Link CAD from the Link panel. Browse to the file 
c07-Plan01.dwg. 


N 


In the Link CAD Formats dialog box, set the following options: 
Current View Only: Selected 

Colors: Invert 

Layers/Levels: All 

Import Units: Auto-Detect 


Positioning: Auto — Origin To Origin 
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Correct Lines That Are Slightly Off Axis: Selected 
3. With those settings in place, choose Open to link in the CAD file. 


LINKING LARGE CAD DATA 


Use caution when attempting to link or import CAD files with vector data very far from the origin. 
Revit software has distance limitations on imported vector data that—if exceeded—may result 


in a warning, as shown here: 


Geometry in the file 20-mile box.dwg has extents 
greater than 20 miles (33km). This may reduce 
reliability and result in undesirable graphic 
behavior. Click OK to continue, Cancel to exit 
import. 


[Cancel 





Warning (eB) 
Imported objects located a large distance from the model might not display + 
properly. The ‘Center-to-Center’ option will be used. — 
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The warning message indicates that the software will automatically use Center To Center positioning 
if the distance limitations are exceeded. This will preclude you from using the origin of the linked 
file for Origin To Origin placement. If you must link data that is physically larger than a 20-mile 
cube—which may occur in projects such as airports or master plans—you should separate the data 
into smaller portions before linking. If the data is smaller than the 20-mile cube but is located 
farther than 20 miles from its origin, an alternate origin should be coordinated with your project 
team, and the data should be moved closer to the origin. 


Using CAD Data for Coordination 


If you need to use 2D CAD data as an integrated component of your team coordination, 
different settings become important. Here are a few examples of these types of scenarios: 


@ Showing light fixture layouts from a lighting designer 
@ Integrating landscape design into a site plan 
@ Reusing existing CAD data for a renovation project 


Most of the settings and procedures for conversion apply to the coordination process; 
however, color and the placement visibility will be different. Because this data will be included 
in the Revit output, you will usually want the color option to be set to Black And White in the 
options during linking. It is also likely that some sort of background plans will be exported 
from the Revit model for use in coordination by one or more consultants using a CAD-based 
program. The data returned in this process may still contain the background information 
originally exported from Revit; thus, we recommend agreement on a standard that establishes 
unique layers for the consultants’ content. This will help you select layers to be loaded when 
linking your consultants’ files into the Revit project. 

Use these options when linking CAD files into a Revit project for plan-based coordination: 


@ Current View Only: Selected if data is needed in one view; unselected if data is needed in 
many views 


@ Colors: Black And White 
@ Layers: Specify (choose only designated layers to isolate consultants’ content) 
@ Positioning: Auto — By Shared Coordinates 


If Current View Only is not selected, the 2D CAD data will be visible in all other views. This 
could be a nuisance in views such as sections and elevations; however, you might find it useful 
to visualize the data alongside the Revit model, as shown in Figure 7.7. 


Linking Details 

Your company’s CAD detail library does not need to go to waste when you start working ina 
Revit environment. CAD data can be linked or imported into drafting views, allowing you to 
leverage the powerful view coordination tools within Revit. Entire sheets of CAD details can 

be inserted to reduce the number of linked files you have to reconcile; however, we recommend 
linking one detail into each drafting view and using the software’s ability to automatically 
manage the view references with callouts, sections, and detail views. You may also want to name 
these drafting views with a unique prefix to help keep track of where any linked CAD data might 
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FIGURE 7.7 
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reside. For example, a drafting view might be named CAD-Roof Detail 04. Also refer to Chapter 4, 
“Configuring Templates and Standards,” for additional information on view organization. 

In this exercise, you will create a drafting view into which a single CAD detail will be linked. 
This view can be referenced throughout your Revit model using a section, callout, or elevation 
view with the Reference Other View option selected in the contextual tab of the ribbon, as 
shown in Figure 7.8. 


FIGURE 7.8 
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To begin this exercise, open the c07-Sample-Building-Start.rvt file. You can download 
this file and the associated CAD file (cO7-Detail.dwg) from the book’s web page. 


1. Switch to the View tab and select Drafting View from the Create panel. 


2. Name the new drafting view CAD Wall Detail 1, and set the scale to 1 1/2" = 1-0". Click 
OK to close the dialog box. 
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3. Switch to the Insert tab and select Link CAD. 


4. In the Link CAD Formats dialog box, navigate to the c07-Detail.dwg file and set the 
following options: 


Colors: Black And White 
Layers/Levels: All 

Units: Auto-Detect 

Positioning: Auto — Center To Center 


Correct Lines That Are Slightly Off Axis: Unchecked 
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5. Click Open to complete the command. If you don’t see the linked detail in the drafting 
view, use Zoom To Fit (ZF on the keyboard) in order to reset the extents of the view. 


6. Open the Wall Section, Typ view from the Project Browser located under the Sections 
(Wall Section) node, and zoom to a portion of the view where a floor meets an exterior 
wall. 


7. On the View tab, select Callout from the Create panel, and select Reference Other View 
in the contextual tab of the ribbon (similar to Figure 7.8). Choose Drafting View: CAD 
Wall Detail 1 from the drop-down list. In the drawing window, drag the callout rectangle 
around the area where the floor at Level 2 intersects the exterior wall. 


8. After the callout is placed, select the callout you just created and use the grip where the 
leader line meets the callout head to drag the callout head to the left. The result should 
look like the image shown in Figure 7.9. 


CUSTOMIZING CALLOUTS 


You also have the option to create your callouts with nonrectangular shapes. Additionally, for any 
view you reference using the previous steps, you can change the target view after you've created 
the callout or sectional reference. Simply highlight it and choose a new detail to reference from 
the Options bar. 


9. Double-click the callout head, and you will be taken to the drafting view with the CAD 
detail linked in the previous steps. 


FIGURE 7.9 

Callout created to 
reference a drafting 
view containing a 


linked CAD detail 


Level 2 s 
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Using Inserted 3D Data 


Now that we have discussed using 2D reference data, we will show you how to use 3D model 
data from other design software within your Revit project. There are many valid reasons for 
modeling outside of the Revit environment, including software expertise, the availability of 
content, and optimization of complex geometry. The following sections will explore some 
situations in which model data can be shared between programs: 


@ Inserted data as amass 
@ Inserted data asa face 


@ Inserted data as an object 


Using CAD Data as a Mass 


In Chapter 8, “Advanced Modeling and Massing,” you will learn more about harnessing the 
impressive modeling toolset in the Revit conceptual massing environment; however, the fast 
and flexible process of design may lead architects to a tool in which they have more expertise or 
comfort. This type of massing design workflow is supported in the Revit environment under the 
following conditions: 


@ Inserted model data requires solid geometry to calculate volume, surface area, and floor 
area faces. 


@ Finely detailed complex geometry should be avoided because the Host By Face tools may 
not be able to generate meaningful objects. 


The following exercise creates an in-place mass by linking an external model—in this case, a 
SketchUp model. Download the files cO7-SKP-Mass.rvt, c07-Mass.skp, and c07-Mass-2.skp 
from the book’s web page and follow these steps: 


1. Open the project file cO7-SKP-Mass.rvt. Activate the Level 1 floor plan, and from the 
Massing & Site tab (if that tab isn’t available, you can turn it on under the Application 
menu > Options > User Interface), select In-Place Mass from the Conceptual Mass panel. 


2. Name the new mass family SKP Mass and click OK. 


3. Switch to the Insert tab and select Link CAD from the Link panel; be sure to switch your 
Files Of Type filter to *. skp files. 


4. Navigate to the c07-Mass.skp file downloaded from the book’s web page and set the 
following options: 


Current View Only: Unchecked 
Colors: Invert 

Layers/Levels: All 

Import Units: Auto-Detect 


Positioning: Auto — Center To Center 


©% ©% ©% >% ọ% 


Place At: Level 1 
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5. Click Open to complete the link process. 
6. Click Finish Mass in the In-Place Editor panel of the ribbon. 


7. Activate the Mass Schedule view from the Project Browser and observe the values for 
Gross Surface Area and Gross Volume. 


Now that a new mass has been created, you can assign mass floors and begin to see calculated 
results in schedules of masses and mass floors. (Refer to Chapter 8 for more information on 
these processes.) Calculation of volumes, perimeters, and mass floor areas will work well in this 
workflow, but be careful when using imported model geometry with the By Face tools because 
face updates will likely be more difficult for the software to maintain than native Revit massing. 

Using linking instead of importing enables continued iteration of the form in the original 
software. In the case of this example, you may edit the original file in SketchUp, which is 
available as a free download from www. sketchup . com, or you can download the file c07- 
Mass-2.skp from this book’s web page. 

If you modify and save the original SKP file yourself, save, close, and reopen the Revit 
project. As an alternative, open the Manage Links dialog box, select the SKP file, and click 
Reload. If you want to use the alternative file downloaded from the book’s web page, use the 
following steps: 


1. From the Insert tab of the ribbon, click Manage Links. 


2. In the Manage Links dialog box, switch to the CAD Formats tab, select the SKP file, and 
click the Reload From button. 


3. Navigate to the file cO7-Mass-2.skp and click Open. 
4. Click OK to close the Manage Links dialog box. 


With the modified mass loaded, activate the Mass Schedule view and notice the changes of 
Gross Volume and Gross Surface Area. 


Using CAD Data as a Face 


Similar to the data as mass workflow, externally modeled data can be used as a planar host for 
more complex forms. An example might be the need to generate a complex curved roof surface. 
We will demonstrate this workflow using Rhino by McNeel (ww. rhino3d.com) to generate a 
shape, link the shape into the project, and create a roof by face on the shape. 

As shown in Figure 7.10, a complex surface is generated in Rhino by drawing two curves and 
using the Extrude Curve Along Curve tool. Note that some reference geometry was exported 
from a Revit model to DWG and linked into this study in Rhino. 


FIGURE 7.10 
Curves for a complex 
surface in Rhino 
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A flat surface model is enough to generate a roof by face; however, it may be difficult to see 
the imported surface, so use the Extrude Surface tool to give it a thickness. Once the surface is 
complete (Figure 7.11), select only the double-curved geometry, choose File > Export Selected 
Objects, and choose the .sat filename extension. SAT will generate the cleanest geometry for 
curved solids and surfaces. 
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You can download the Rhino file (c07-Roof-Face.3dm) and SAT export (cO7-Roof-Face.sat) 
from this book’s web page. You can also download the sample Revit project and continue the process 
as follows: 


1. Open the file c07-Roof-by-Face.rvt and open the 3D view named 00-Start. 


2. On the Massing & Site tab, choose In-Place Mass and name it Rhino Roof. You will 
see an alert that the Show Mass mode has been enabled. You may choose to not show 
this message again, but you can always use the Show Mass combination button in the 
Massing & Site tab of the ribbon to toggle between different visibility modes. 


3. Switch to the Insert tab and select Link CAD. In the Files Of Type drop-down, select *.sat 
and navigate to the c07-Roof-Face.sat file downloaded from the book’s web page. 


4. Set the placement options as follows: 
@ Positioning: Auto — Origin To Origin 
@ Place At: Level 1 


@ Import Units: Inch 
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D. Click Open to complete the link and close the dialog box, and then click the Finish Mass 
button in the ribbon. 


The mass should be seen above the tops of the walls in the Revit model, as shown in 
Figure 7.12. 


FIGURE 7.12 
Complex surface 
linked as an in-place 
mass 





6. Return to the Massing & Site tab and select the Roof tool from the Model By Face panel. 
Choose Basic Roof: Generic - 12" from the Type Selector, and click the top face of the mass 
created in the previous steps. Click the Create Roof button in the ribbon to complete the 
command, and the roof will be generated along the mass surface, as shown in Figure 7.13. 


FIGURE 7.13 

Roof By Face applied 
to the mass with 
linked SAT geometry 
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7. Select all the perimeter walls, using the Tab key or Ctrl to add them individually to the 
selection. 


8. Select the Attach Top/Base tool from the Modify | Walls tab, set the Top option in the 
Options bar, and pick the roof by face created in step 6. 


The walls will connect to the underside of the complex roof shape. Activate the 3D view 
named Camera-Front and you will see the result of the exercise, as shown in Figure 7.14. 


FIGURE 7.14 
Completed roof with 
tops of walls attached 





The imported shape can be edited in the original modeling software and will update 
via the link if the original exported SAT file is overwritten. To update the roof based on the 
newly modified massing geometry, select the roof and click the Update To Face button in the 
contextual tab of the ribbon. 


Using CAD Data as an Object 


Yet another derivation of the reference data workflow supports the use of CAD model geometry 
for specific instances of building components. Examples of this scenario might include a complex 
canopy structure being designed in SolidWorks or a building’s structural framing being modeled in 
Tekla Structures. The workflow is again similar to that of using CAD data as a mass or face; however, 
the file format will help you control the component's visualization. In the previous exercise, we used 
an SAT format to transfer complex curved geometry from Rhino to Revit; however, a limitation 
of an SAT file is that the geometry contains only one layer, making it impossible to vary material 
assignments for different components of the design. We recommend using a solids-based DWG, 
DGN, or DXF file format, which will maintain a layer structure in most cases. 

In the following exercise, you will create an in-place structural framing component that will 
act as a placeholder for a consultant’s structural model, which is in DWG format. You will be 
using the file c07-3D-Structure.dwg, which you can download from this book’s web page. 


1. Download and open the file cO7-Framing-Start.rvt from the book’s web page. 
Activate the Level 1 floor plan. 
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2. Switch to the Architecture tab and choose Component > Model In-Place. Set the Family 
Category to Structural Framing and click OK. 


3. Name the new in-place model DWG Structure. 
4. From the Insert tab, select Link CAD. 


5. Change the Files Of Type option to DWG Files (*. dwg) and navigate to the file 
c07-3D-Structure.dwg. 


6. Set the following options and then click Open: 
Current View Only: Unselected 

Colors: Black And White 

Layers/Levels: All 

Import Units: Auto-Detect 


Positioning: Auto — Origin To Origin 


©% ©% ©% >% ọ% 


Place At: Level 1 


The DWG file provided is actually a sample Revit file that was exported to DWG format 
(Figure 7.15). Models may be provided in this format from any number of other design 
applications such as Autodesk® AutoCAD® MEP software or Tekla Structures. 








FIGURE 7.15 
The structural model 
displayed in AutoCAD 








7. Click Finish Model in the In-Place Editor panel to complete the process. 


Activate the default 3D view, and you should see the entire contents of the linked CAD model 
(Figure 7.16). Because the linked content was created as a structural framing model, the linked 
data will be displayed similarly to any other structural framing element. Examine the linked 
model in different plans and sections to observe this behavior. 
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If you're not seeing the model as part of your 3D view, you forgot to uncheck the box for 
Current View Only in step 6. If that is the case, you'll need to either undo your way back or 
unlink and relink the CAD file. 


FIGURE 7.16 
CAD-based structural 
model linked into a 
Revit project 
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Using linked models in DWG, DGN, or DXF format also allows you to modify the graphic 
representation of the elements within the Revit environment. To adjust these settings, follow 
these steps: 


1. Select the Manage tab, click Object Styles, and switch to the Imported Objects tab. 


2. Find your linked file, expand it to expose the layers or levels included in it, and modify 
the graphic settings as desired. 


When you are using linked model data for custom components, the consistency of the data 
you bring into Revit software from other programs depends on the ability of that software 
to generate organized information. Some programs use layers, and some don’t. Recognizing 
this difference will give you the best opportunity for success in coordination through 
interoperability. 


Exporting CAD Data 


Of equal importance to importing data is the ability to export Revit data for use by others. 

We will now examine various processes for exporting data from your Revit project to other 
formats. To achieve your desired results when exporting, remember that exporting from Revit 
is essentially a WYSIWYG process. For example, exporting a 3D view will result in a 3D model, 
exporting a floor plan will result ina 2D CAD file, and exporting a schedule will result in a 
delimited file that can be used in a program such as Microsoft Excel. 
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We will first review the settings to be configured for the exporting process. These methods 


are similar for almost all exports and will be referred to in subsequent sections. 


The process for exporting CAD files from Revit has been streamlined in recent releases of the 


software. There are basically two steps to export CAD data from a Revit project: create a list of 
views to be exported, and define the settings in an export configuration. 


Preparing a List of Views for Exporting 


The first step to any CAD export is to establish the set of views to be exported. You can use the 
file cCO7-Sample-Building-Start.rvt for this section’s exercises. The following steps will 
walk you through the process of creating a saved list of views for export: 


1. You can find all exporting commands in the Application menu when you click the Export 
flyout. You may need to scroll down this flyout menu to access all the export commands 
available for use. From the Export menu, select CAD Formats > DWG. 


2. You will first see the DWG Export dialog box, as shown in Figure 7.17. The Export drop- 
down list is set to <Current View/Sheet Only> by default. This is where you would select 
predefined lists of views to be exported from your project. 
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3. Begin to create your own list of views and/or sheets to export by choosing <In-Session 
View/Sheet Set> from the Export drop-down list, as shown in Figure 7.18. 
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FIGURE 7.18 
Viewing available 
export sets in the 
model 
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4. From this point, you can either use a temporary in-session set or create your own named 
set. We will continue these steps by creating a new named set. Click the New Set icon 
above the view list, shown in Figure 7.19, and name the set PLANS. Click OK to close the 
dialog box. 


FIGURE 7.19 
Create a new export 
list. 





USING IN-SESSION LISTS WITH WORKSHARING 


Be careful when using an in-session list for printing or exporting on a worksharing-enabled project. 
If two or more team members working on the same Revit project attempt to use the in-session set, 
you may receive errors about the workset not being editable. Instead, always try to use predefined 
lists for exporting and printing on worksharing projects. 
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5. To begin adding views and/or sheets to your new export set, from the Show In List drop- 
down menu, choose Views In The Model. 


6. Click the Check None button to clear any extraneously selected views and then find the 
floor plans with the A- prefix. Select these views by checking the boxes next to the views 
in the Include column. 


Remember, you can sort the list by clicking any of the list headers (Figure 7.20). 
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7. For now, we will simply end this exercise by saving the list of views for later. Click the 
Save Set & Close button and the DWG Export dialog box will close. 


8. Save the project file to continue the next exercise. 


Now that you have created a saved list of views for export, they will be available for any CAD 
export processes. You can create as many lists as you need as well as duplicate, delete, or rename 
them in the DWG Export dialog box. In the next section, we will show you how to adjust the 
settings for exported DWG files. 


Settings for DWG Exports 


In addition to saving lists of views for exporting, you have the ability to save predefined 
exporting configurations. To complete an export, you will select a list of files and an export 
setup before defining an export location and launching the process. Let’s examine the various 
settings that can be customized for DWG export. 
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Continuing with the c07-Sample-Building.rvt file, go to the Application menu and 
then choose Export > CAD Formats > DWG. You will return to the DWG Export dialog box. In 
the previous exercise, you created a named list of views to export. Before we begin an exercise 
to create a customized configuration for export settings, we will briefly explore the various 
settings that can be saved and applied to any list of views to complete the export process. Click 
the ellipsis button at the top of the dialog box. A tooltip will appear showing the associated 
command as Modify Export Setup. The Modify DWG/DXF Export Setup dialog box will appear 
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As you can see, a number of opportunities for customization are offered in this dialog box. 
First, you'll notice at the left side of the dialog box a list of export setups and icons similar to 
those found in the main DWG Export dialog box. Use these icons to create, duplicate, rename, 
or delete export setups in your project. Let’s take a look at some of the other export settings in 
greater detail. 


LAYERS 


The Layers tab was shown previously in Figure 7.21. It contains many options to completely 
customize the export of object styles to layers. Let’s examine each of these settings more closely. 


Export Layer Options 


At the top of the Layers tab is a drop-down that allows you to specify the overall behavior of 
exported elements. This setting accounts for any graphic overrides that might be applied in a 
Revit view. For example, the Linework tool might have been used to modify the edge of a wall to 
a dashed line. These options determine how that override will be exported to a CAD format. 


Export Category Properties BYLAYER And Overrides BYENTITY This option will 
export unmodified elements to their respective layer assignments, and their properties 
will remain assigned to the layer. If an object or part of an object has been overridden, the 
overridden element will still be assigned to the respective layer, but the graphic override 
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will be applied directly to the entity. In the wall example noted previously, the wall edge 
would still be assigned to the A-WALL layer but would have a DASHED linetype instead of a 
BYLAYER assignment. 


Export All Properties BYLAYER, But Do Not Export Overrides If the recipient of your 
CAD file will use scripts or macros to enforce their own graphic standards to the exported 
data, select this option. Using the wall example again, the wall elements would be assigned 
to the A-WALL layer; however, the dashed line overrides would not be exported. This 

style of export is usually appropriate for engineers who need to use architectural plans as 
background information and thus will override all elements to halftone. 


Export All Properties BYLAYER, And Create New Layers For Overrides This final 
option will assign default objects to layers based on their categories; however, any elements 
with graphic overrides will be assigned to new layers that are subsets of the original layer. 
Continuing with the previous wall example, the unmodified wall elements will be assigned 
to the A-WALL layer, but the overridden edge will be assigned to a new layer such as 
A-WALL-3, where the properties of the element are all BYLAYER and the new layer contains 
the dashed linetype. In our opinion, this option is less useful because there is no control 
over the naming of the new layers, thus creating potential confusion for the recipients of the 
exported files. 


Load Layers From Standards 


Several exporting templates based on the industry-standard layering guidelines are included 
(Figure 7.22) with the Revit application and can be applied in the Load Layers From Standards 
drop-down. Similarly to import settings, you may want to create customized layer export 
templates and save them with your project data for future reference. Export templates 

may inherit the layer names of linked CAD files in your active project. Because of this, we 
recommend saving a copy of your export templates in a Zip archive in case you need to return 
to the original template. 
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Layer names and colors can also be customized by directly editing the values in the Layers 
tab in the Modify DWG/DXF Export Setup dialog box. Each category and subcategory is capable 
of independent color and layer names. 

Layer modifiers can be applied to any or all of the model categories for export. To do this, 
either click in the Layer Modifiers column for any of the listed model categories and then click 
the Add/Edit button that appears, or click the Add/Edit Modifiers For All button. Either method 
will open the Add/Edit Layer Modifiers dialog box (Figure 7.23). Here you can assign modifiers 
such as phase status, workset, view type, or user-customized fields. 
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FIGURE 7.23 
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LINES 


Switch to the Lines tab in the Modify DWG/DXF Export Setup dialog box, and you will find 
additional settings for assigning Revit line patterns to CAD-based linetypes (Figure 7.24). 

The first setting at the top of the tab is to assign the linetype scale in the exported CAD files. 
This option can be configured to Modelspace, Paperspace, or Scaled Linetype Definitions. 

This setting can be changed by the recipient of the exported files, so it is common to use the 
Modelspace setting for any model view exports, such as plans or elevations, and the Paperspace 
setting for sheet views. 
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In the main list within the Lines tab, any line patterns defined in your Revit project can be 
assigned to a specific CAD-based linetype. The default linetype definitions file is included with 
Revit, but it can be changed with the command buttons above the line patterns list. The default 
setting for exporting line patterns is Automatically Generate Linetype, which will replicate the 
graphic pattern but will not integrate well with any other CAD software if the exported files 
require additional modification by the recipient. 


PATTERNS 


As with lines, the exporting of fill patterns can be completely customized. Switch to the Patterns tab 
(Figure 7.25), and you will see similar options to specify a default CAD-based pattern file as well as 
the ability to assign Revit fill patterns to hatch patterns that are native to AutoCAD software. 

In Figure 7.25, we have selected a few of the Revit fill patterns to be mapped to a respective 
pattern from the AutoCAD pattern definition. 


FIGURE 7.25 
Fill patterns can be 
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Similar customizations can also be made for fonts in the Text & Fonts tab, and in the Colors 
tab you can choose to either use specific layer-based color IDs or use the true color RGB 
values assigned in your Revit project. Let’s take a quick look at the remaining tabs and their 
importance. 


SOLIDS 


In the Solids tab, you have the option to select either Polymesh or ACIS Solids for exporting 
of 3D views. For cleaner solid geometry exporting, we recommend the ACIS Solids option; 
however, this will likely result in larger file size upon export. 


UNITS & COORDINATES 


One of the most important settings is Coordinate System Basis, which can be found in the Units & 
Coordinates tab. This option will affect the ability of your exported files to be properly aligned 
with other project files. Refer back to Chapter 6 for more information on using shared coordinates. 
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FIGURE 7.27 
View organization for 
plans to be exported 
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GENERAL 


Finally, the General tab (Figure 7.26) contains some additional options such as assignment of 
non-plottable layers, exporting space boundaries, and default export file options. 
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At this time, you can click the Cancel button to close both active dialog boxes. In the next section, 
you will return to these settings and save a configuration to be applied to the export process. 


Exporting 2D CAD Data 


When collaborating with others who require 2D CAD, developing a planned strategy will allow 
you to share your Revit data more efficiently and consistently. We highly recommend that you 
determine and document the scope of data to be shared, the schedule by which the files will be 
shared (when and how often), and the software platforms to be used on a project. These aspects 
should be compiled in a BIM execution plan, as explained in Chapter 6. 

To facilitate the setup and ultimate export of plan data, you can create copies of floor plans 
and ceiling plans with a standardized naming convention in your Revit project. These should 
be easy to recognize, and they help in building the export list. Figure 7.27 shows a series of 
duplicated plans that have been created and assigned to the floor plan type named Export. The 
view name conforms to the naming convention specified by the United States National CAD 
Standard (www.nationalcadstandard.org). 
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In the following exercise, you will continue to use the cO7-Sample-Building-Start.rvt 
project file while using the saved list of views you created in the “Preparing a List of Views for 
Exporting” exercise: 


1. From the Application menu, click Export > CAD Formats > DWG. In the DWG Export 
dialog box, make sure PLANS is selected in the Export drop-down. Click the Modify 
Export Setup ellipsis button (three dots) at the top of the dialog box. 


2. In the Modify DWG/DXF Export Setup dialog box, select the New Export Setup button 
from the bottom left to create a new export setup. Name the new export setup British 
Plans with Phase. 


3. In the Layers tab, set the Export Layer Options drop-down list to Export Category 
Properties BYLAYER And Overrides BYENTITY. Locate the Load Layers From Standards 
drop-down list and select British Standard 1192. You will receive an error message stating 
that loading these settings will replace your previous settings. Click Yes to accept. 


4. While still in the Layers tab, click the Add/Edit Modifiers For All button. In the Add/ 
Edit Layer Modifiers dialog box (Figure 7.28), add the {Phase Status} modifier from the 
list at the left to the Modifiers Added list at the right. Next to {Multiple Categories} in 
the Separator column, add a hyphen. The preview above should now read {Multiple 
Categories}-{Phase Status}. Click OK to close this dialog box. 


FIGURE 7.28 
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5. Switch to the Units & Coordinates tab and set the Coordinate System Basis to Shared by 
clicking the radio button. Click OK to close the Modify DWG/DXF Export Setup dialog box. 


6. Click the Next button to continue the exporting process. In the Export CAD Formats- 
Save To Target Folder dialog box, set the Naming drop-down list to Automatic—Short. 
This will create files named similarly to FLoorPlan-A-FPO1.dwg. 


7. Uncheck the Export Views On Sheets And Links As External References setting. 
Although this setting does not affect this exercise, we discuss its importance after the 
exercise. 


8. Select an appropriate location on your computer or your network for the exported files 
and then click OK to complete the export process. 


Unfortunately, you cannot customize the naming of the exported files when you export 
more than one view in a batch process. That said, any kind of file-renaming tool can be used to 
remove the prefix FloorPlan- from exported files using the Automatic—Short option. 

There is one more option that you should understand in the exporting process. In the final 
Export CAD Formats dialog box, you will see the option to Export Views On Sheets And Links 
As External References. When this option is checked and you are exporting sheet views, any 
views that are placed on those sheets will be exported as separate files. Those files will then be 
configured as external references (Xrefs) in the exported sheets. If you also have other RVT files 
linked into your current model, they too will be exported as separate CAD files and configured 
as Xrefs in the exported files. 

We recommend that you deselect the External Reference option during exporting unless it 
is absolutely necessary. The exporting process will result in fewer files and more portable and 
predictable results for the recipients of your exported data. 


Exporting 3D Model Data 


In the previous section, we showed you how to export 2D views to CAD formats, which will 
support more traditional collaboration work flows. You can also export your Revit project as 

a 3D model in several formats for use in other modeling software. A frequent destination for 
such data is Autodesk® Navisworks® software for its enhanced coordination with contractors 
during construction. This workflow is supported by a free Navisworks plug-in to Revit that will 
allow you to export your models as NWC files, which Navisworks uses. More generic exports in 
DWG, DGN, DXF, or SAT formats can provide numerous opportunities for you to become more 
creative with the presentation of your designs. 


Exporting to SketchUp 


Previously in this chapter we discussed using SketchUp for conceptual building massing 
studies. These studies were imported directly into the Revit environment for further 
development of a true building information model. Revit model data can also be exported via 
3D DWG to SketchUp, where visualization studies can be conducted on an entire project or even 
a simple wall section. 

In the following exercise, we will export a wall section study from the Revit environment to 
SketchUp using files you can download from this book’s web page. To complete this exercise, 
you will need to download SketchUp from www. sketchup . com and install it. 
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To begin the exercise, follow these steps: 
1. Open the file c07-Sketchup-Wall-Study.rvt. 


2. Activate the Default 3D view and enable the Section Box option in the Properties palette 
for the view. 


3. Set the detail level of the view to Medium or Fine. 


4. Select the section box in the 3D view, and shape handles will appear on each face. Grab 
the shape handle of one side of the section box parallel to the vertical edge of the wall 
sample, and drag toward the wall until the section box intersects the wall, as shown in 
Figure 7.29. 


FIGURE 7.29 

Using the section box 
to expose the layers of 
the wall 








You should see the layers of the wall structure exposed. 
5. With the section box still selected, right-click and choose Hide In View > Elements. 
This will prevent the section box from being exported. 


6. Click the Application menu and select Export > CAD Formats > DWG Files. Set the 
Export drop-down list to <Current View/Sheet Only>. 


7. Click the Modify Export Setup ellipsis button to open the Modify DWG/DXF Export 
Setup dialog box. In the Modify DWG/DXF Export Setup dialog box, switch to the Solids 
tab and set the option to Polymesh. Click OK to close the Modify DWG/DXF Export 
Setup dialog box. 
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8. Click Next and set the Files Of Type drop-down to AutoCAD 2013 DWG Files. Select a 
location on your computer or network, and then click OK to save the file. 


9. Launch SketchUp, and choose File > Import. 


10. Switch the Files Of Type option to AutoCAD Files, navigate to the file saved in step 8, and 
click Open. 


11. Switch to the Select tool, select the entire DWG import, right-click, and choose Explode. 


This will allow you to directly edit the elements in the SketchUp environment. Other 
components within the exploded model may need to be exploded again. 


Once the DWG model is loaded in SketchUp, you can use the Paint Bucket tool to apply 
materials to individual components, use the Push/Pull tool to hide or expose layers of the wall 
construction, and use the line tools to customize the profile of the revealed layers, as shown in 
Figure 7.30. 


FIGURE 7.30 
Completed wall study 
in SketchUp 





3D EXPORTS BY LEVEL 


Effective coordination between Revit and AutoCAD® MEP software frequently relies on the 
exchange of 3D DWG files of limited scope with respect to the overall project. MEP engineers 
using AutoCAD MEP will usually manage their BIM with one model file per level. Even though the 
entire architectural model can be exported to a single DWG model, they may not be able to refer- 
ence such a large model efficiently. The good news? Your Revit project can be set up to achieve this 
by creating 3D views with section boxes for each level. 
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Begin by creating a series of floor plans designed for exporting (discussed previously in this chap- 
ter). In the View Range settings for these plans, set the Top value to Level Above, Offset: 0 and the 
Bottom value to Associated Level, Offset: 0. Create a 3D view for each level required in the project 
and rename the views according to your standards. In each duplicated 3D view, right-click the 
ViewCube® select Orient To View > Floor Plans, and choose the corresponding floor plan with the 
adjusted view range. This series of 3D views can be saved in an export list and batch-exported to 3D 
DWG when needed for collaboration, as shown here: 





Using IFC Interoperability 

Industry Foundation Classes (IFC) are the data model standard developed by buildingSMART 
International to support interoperability in the building industry. The IFC model specification is 
registered by the International Standards Organization (ISO) as ISO/PAS 16739 and is currently 
in the process of becoming the official International Standard ISO/IS 16739. Because of its focus 
on ease of interoperability between BIM software platforms, some government agencies are 
requiring IFC format deliverables for publicly funded building projects. 
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Some scenarios where IFC exchange may apply and facilitate data exchange include, but are 
not limited to, the following: 


Linking AutoCAD MFP software into a Revit project 

Using Solibri Model Checker or Viewer for model quality audits 

Coordination between Revit projects and Nemetschek Allplan, Vectorworks, or ArchiCAD 
AutoCodes Project by Fiatech 


COBie (Construction-Operations Building Information Exchange) deliverables 


©% ©% >% è 


GSA spatial validation 


You can export the Revit model quite effectively to the IFC 2x2, 2x3, BCA ePlan Check, or IFC 
GSA 2010 formats by clicking the Application menu and selecting Export > IFC. The resulting 
IFC file (Figure 7.31) can be viewed in a number of programs that can be downloaded at no cost 
from any of the following websites: 


DDS-CAD Open BIM Viewer from Data Design System (www. dds-cad.net) 


@ Solibri Model Viewer (ww.solibri.com) 
@ IFC Viewer (ww.ifcbrowser.com) 
@ Tekla BIMsight (ww. tekla. com) 

FIGURE 7.31 


Revit model exported 
to IFC format 





Importing IFC data into the Revit environment is similar to the process for importing 3D 
CAD geometry; however, the data generated is intended to be more intelligent and editable. 
Although this method has great potential, the accuracy of the Revit IFC import is highly 
dependent on the software used to generate the IFC output. We recommend the use of one of the 
free IFC viewers listed previously to inspect IFC data prior to importing into a Revit project. 
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VIEWING THE CONTENTS OF AN IFC FORMAT FILE 


Did you know that an IFC file can be viewed in a text editor such as Notepad? Download a sample 
file from the book’s companion web page and check it out! Right-click an IFC file, select Open With, 
and choose Notepad. 


After you've reviewed the contents of the IFC file, you can link it into a Revit project and 
integrate it into your coordination process as follows: 


1. Start a new project with any default template. From the Insert tab in the ribbon, click on 
Link IFC. 


2. Navigate to the c07-Structure.ifc file and click Open. 
3. Save the project file. 
4. Open the default 3D view and inspect the linked geometry. 


If an updated IFC file is received, overwrite the linked file you used in the previous steps. 
When the host project file is reopened, the linked IFC content will be updated. 


DOWNLOADING AND CUSTOMIZING THE OPEN SOURCE IFC EXPORTER 


In addition to offering a basic IFC export command in the default installation of Revit, Autodesk 
has been developing an improved IFC exporter on the website SourceForge.net (http: // 
sourceforge.net/projects/ifcexporter). Anyone can download the source code for this 
exporter and contribute to its development. This allows a larger international community to 
provide input on the improvement of this important feature. 

The open source exporter consists of two separate downloads and installations: the exporter 
and a custom export UI. After they are installed, you can still launch the IFC export command 
from the Application menu; however, you will see a new IFC Export dialog box (Figure 7.32). 
Much like the CAD export process we described earlier in this chapter, this interface allows you 
to create, customize, and save export setups. 

In the IFC Export dialog box, click the ellipsis button next to the Current Selected Setup 
drop-down list and you will be able to customize the IFC export setup (Figure 7.33). In addition 
to the predefined export configurations, you can create and save your own setups that will be 
maintained in the Revit project file. 

An excellent resource for IFC interoperability in Revit is the buildingSMART alliance 
web page for Common Building Information Model Files (www.nibs.org/?page=bsa_ 
commonbimf7 les). You can download sample files as well as a configuration guide with 
additional instructions related to customizing IFC exports from Revit. 


CLASSIFYING IFC EXPORT SETTINGS 


Because exporting to IFC format is about converting one model format to another, settings are 
not related to layer conversions, linetypes, or text, as they are in a CAD export. Rather, it is 
critical to correctly map the logic of the Revit model organization to the open data standard. 
In other words, model object categories must be mapped to IFC entities; for example, walls in 
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FIGURE 7.32 
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Revit will be exported as IfcWall entities. This translation seems quite logical for walls and 
other objects, but consider an electric receptacle. Such a device would be categorized in Revit 
as an Electrical Fixture; however, it is classified as IfcFlowlerminal in the open standard. 
Entities are further refined with types—in this case, IfcFlowIerminalType—that would help 
distinguish an electric receptacle from other IfcFlowlerminal entities such as a faucet or an 
air diffuser. 

The schema of the currently released standard (IFC4) can be viewed at ww.buildingsmart- 
tech.org, the portal for the Model Support Group and Implementation Support Group. 
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Although IFC4 is the currently released standard, many workflows still use IFC2x3, including 
native export from Revit software. If you work with IFC export and import regularly in the 
Revit environment, you should become familiar with some of the common classifications in the 
IFC schema. You'll find the IFC2x3 IFC4 schema indexes here: 


www. bui ldingsmart-tech.org/ifc/IFC2x3/TC1/html/index.htm 


www. buildingsmart-tech.org/ifc/IFC4/final/html/index.htm 


Click Alphabetical Listing and then Entities, and you will be able to browse through some of 
the most common IFC classifications related to building elements. For example, find and click 
IfcCovering, and you will see that this classification is used for wall claddings, flooring, and 
suspended ceilings. 

One aspect of the Revit project model that can be exported to IFC is a structural grid. These 
datum objects are beneficial to the coordination process if you are using Solibri Model Checker 
or Viewer or Tekla BIMsight; however, they are not exported if you use the default IFC export 
settings in Revit. Let’s solve that problem with a quick exercise. You can continue to use the 
c07-Sample-Building-Start.rvt file. 


1. From the Application menu, click Export > Options > IFC Options. 
You might need to scroll down the Export menu to see the Options flyout. 


2. In the IFC Export Classes dialog box (Figure 7.34), find the entry for Grids and set the 
IFC Class Name to IfeGrid. You must manually enter any IFC entities and types into this 
dialog box; therefore, you should always refer to the buildingSMART website for accurate 
classifications. 
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3. Click OK to close the IFC Export Classes dialog box. 
You can save the IFC mappings to a text file for use in other projects. 


4. From the Application menu, click Export > IFC. If you are not using the custom IFC 
exporter that we discussed earlier in this chapter, simply set the export file type to 
IFC2x3 and save the file to your computer or network. 


5. Open the IFC file in an application such as Solibri Model Checker or Viewer, and you will 
be able to see the Revit grid lines in the model-only exported format. 


There are two other methods to customize the classification mappings for IFC. One is to 
use subcategories in families. As an example, a Revit family created for an elevator has been 
assigned to the Generic Models category; however, a subcategory named Elevators was created 
in the family (Figure 7.35). 





FIGURE 7.35 
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After the elevator family is loaded into a project, the new subcategories can be 
assigned to an appropriate IFC classification. Click the Application menu, and then click 
Export > Options > IFC Options to open the IFC Export Classes dialog box. Locate the 
Revit category for Generic Models and you will also see the Elevators subcategory, as 
shown in Figure 7.36. For IFC Class Name, enter IfcTransportElement and for Type, enter 
IfcTransportElementType, and you will be ready to export your project with the additional 
object classifications. 

The second method of classification customization is to use two specific shared 
parameters associated with a family. These parameters must be named IfcExportAs and 
IfcExportType, as shown in Figure 7.37, but they can simply be selected from a shared 
parameters file downloaded from the Common BIM Files web page mentioned previously 
in this chapter. When these families are loaded into and placed in a project, the IFC 
classifications will be automatically mapped according to the values specified in these 
parameters. 
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FIGURE 7.36 
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The Bottom Line 


Use imported 2D CAD data. CAD data can be integrated into your Revit project in a 
number of ways: as plans of existing conditions, as fixture layouts from consultants, or as 
standard details from your company’s library. 


Master It How can CAD details be used in a Revit project? 


Export 2D CAD data. The ability to deliver quality 2D information to other constituents 
involved in your project is as important as importing it into the Revit environment. 
Appropriately formatted views, standardized layer templates, and proper coordinate settings 
will result in happy team members and a smooth coordination process. 


Master It Does Revit software comply with the National CAD Standard? 


Use imported 3D model data. Model data generated outside of the Revit environment 
can be integrated into your projects as whole-building systems, massing studies, or unique 
components. 


Master It How cana building’s structural model created with the Bentley Structure be 
integrated into a Revit project? 


Export 3D model data. Your modeled elements don’t have to remain in the Revit 
environment forever. Data can be exported to 3ds Max, SketchUp, AutoCAD MEP, and more. 


Master It How can you coordinate your architectural Revit model with an engineer 
using AutoCAD MEP? 


Work with IFC imports and exports. Industry Foundation Classes (IFC) is a vendor- 
neutral model format designed to support interoperability in the AEC industry. It is widely 
used by some major BIM platforms available around the world. 


Master It How is an IFC model integrated into a Revit project for coordination? 


Modeling and Massing 


for Design 





In Part 2, we covered the topics that help you define important project standards when using 
Autodesk® Revit® Architecture software—within your team as well as across external teams with 
other consultants. In this section, we'll delve into the use of Revit from the earliest design stages to 
analysis, iteration, and finally visualization. 
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Chapter 8: Advanced Modeling and Massing 

Chapter 9: Conceptual Design and Design Analysis 

Chapter 10: Working with Phasing, Groups, and Design Options 
Chapter 11: Visualization 





Advanced Modeling and Massing 


Every design starts with an idea. That can be shapes drawn out on trace paper, or a chipboard 
model, or a conceptual form in a 3D model. This idea becomes the basis for your design and 
ultimately your building. Although you might sketch out several variations to give your 
ideas shape, there comes a point in the design process where you need to begin testing your 
assumptions. Does the floor plan fit within the building’s massing? Does it meet the client’s 
functional requirements? Is the design energy efficient? 


Massing is a set of unique tools within Autodesk® Revit® Architecture software specifically 
created for this kind of early design analysis. By creating the “big” design idea at a macro level, 
you're able to quickly and easily quantify and analyze the results. This allows you to confidently 
work from general to specific as your design progresses, without concern about actual building 
elements. 

In addition, the massing tools allow you to create forms and containers to control other 
building system components. Complex walls, curtain walls, curtain panels, and other elements 
would be incredibly difficult to make and update without some underlying form to establish 
and drive their design. 

Even though your overall design might not be represented by a complex massing form, it’s 
likely that somewhere in a more conventional design, massing is essential to the success of your 
project. 

In this chapter, you'll learn to: 


@ Create and schedule massing studies 
@ Know when to use solid and surface masses 


@ Use mathematical formulas for massing 


The Massing User Interface and Functionality 


A mass is simply a form with geometric substance (solids and voids) that is not related to any 
specific building element category. It is intended to allow designers to create a lightweight 
component that can either represent an entire building or serve as a guide for a single 
component, such as a complex roof form. When you create a mass in the context of a whole 
building, you can quantify the surface area, assign functional “floors” to the mass, and perform 
energy analysis—all without creating a single wall, floor, window, or roof. 
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After you create a whole-building mass, you can use By Face versions of commands to place 
system families such as walls, floors, and roofs. When these elements are placed by face, they 
retain a relationship to the mass elements. The associated building elements are not updated 
automatically, which means you can freely explore design alternatives to the massing. Once you 
are confident of your final design decision, the building elements can be updated to match the 
changes in the underlying mass. 

Another important thing to know about massing is that masses can be created in either the 
project environment or in the Family Editor. Much of the functionality overlaps in each case, so 
what’s the difference between the two? 

The main difference as to whether you create massing in place or in the Family Editor doesn’t 
depend on the kind of shape or surface you want to create. Solid and surface forms can be 
created in both the project and Family Editor environments. Rather, it depends on how you want 
to create the massing and how you want to change the mass once it’s been created. 

Using in-place masses gives you the ability to model in the context of other surroundings 
(Figure 8.1). For example, you may be proposing an addition to an existing building or a new 
building on an existing campus. You may need to create a complex shape for a feature wall or a 
roof form, and you therefore need the context of the rest of your building design. 


FIGURE 8.1 
Building massing 
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Creating a mass in the Family Editor gives you a slightly different user interface (UI) 
(Figure 8.2). When you create a Conceptual Mass family, you have the ability to see work 
planes and levels in 3D views; however, these references are not in the context of your project 
environment. In addition to the lack of context in the Family Editor, to make changes to 
massing, you must reload the mass families into your project for face-based elements and 
schedules to update. 
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FIGURE 8.2 pene 
Building massing in 
the Family Editor 





Let’s take a moment to clarify the difference between in-place component modeling and 
massing. If you need to create a custom-shaped building element, such as the wall shown in 
Figure 8.3, you would use the Model In-Place command. You would set the category to Walls 
and then use either a blend or a sweep to generate the form of the wall. You'll notice in the 
figure that the sectional dimensions of the wall are not consistent. 


FIGURE 8.3 
Custom-shaped wall 
as an in-place element 





If you wanted to use a wall assembly with consistent sectional dimensions but configure 
the wall in a complex vertical layout, you would create a mass and then use the Wall By Face 
command. In the example shown in Figure 8.4, a generic wall is applied to the face of a mass 
that was created by generating a surface between two splines. 


FIGURE 8.4 
Standard wall type 
applied to the face of 
a mass 
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FIGURE 8.6 
The Create Form tool 
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The rest of this chapter will focus solely on the creation of masses for the purpose of whole- 
building design. You can learn more about component modeling tools in Chapter 14, “Designing 
with the Family Editor.” 


Creating Mass Geometry 


How you create masses (surface or solid) differs significantly from the UI used to create other 
standard family content. When you're creating standard project content, you have specific 
geometry tools such as Extrusion and Sweep (Figure 8.5). In some ways, this is a noun-verb 
approach: You select a tool for the form that you want to create and then you take action to 
create it. 


FIGURE 8.5 | . D e E E a | 
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Creating a mass still requires that you know the form that you intend to create, but you're 
not required to select a particular form type to get started. Rather, you start by simply creating 
the sketch-based elements that would define your shape. Then you select them as a group and 
choose the Create Form tool (Figure 8.6). This will allow you to create both solids and voids. 
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Form 
A Solid Form 


Void Form 


Both solid and surface may be created from model lines or reference lines; however, the 
differences are important. Keep in mind that your ability to further iterate the form that you 
create depends on whether you use model or reference lines to generate the form, even though 
the forms created may look exactly the same at first. 

If your intent is to simply create a form that is not likely to require rule-based 
parameterization, using model lines is fine. Model lines are consumed by the form after you use 
the Create Form tool. In other words, the only way to get back to your original sketch form is to 
dissolve the shape. But if you intend to control the form with formulas and other parameters, it’s 
best to start with reference lines. Figure 8.7 shows the subtle graphic difference between the two 
line types. The model line shape is on the left, and the green reference lines are on the right. You 
will also notice that when reference lines are selected, they have much more capability to serve 
as multidimensional references for hosting other geometry. 
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Because the difference is so subtle on the screen, we recommend that you give your reference 
lines more thickness and lighten the default green color so that they stand out better, and make 
that a part of your project template. 


Creating an In-Place Mass 


Now that you are familiar with the difference between massing for components and whole- 
building massing, let’s look closer at the important capabilities that will help you develop 
building designs. Download and open the file cO8-Massing-1-Start.rvt or c08-Massing-1- 
Start-Metric.rvt from this book’s website at www.sybex.com/go/masteringrevitarch2016. 
In this section, we will create some simple mass forms, generate mass floors, and then build 
schedule views to quantify the results. After you open either file, activate the Level 1 floor plan 
before starting the exercise. 

Whether you create masses in place or in the Family Editor, you're able to generate floor faces 
(not the actual floors) and schedule important metadata before you've even begun to assign 
actual geometry to the masses. This is important to do early in the design process because 
the masses will be “light” in your project—they won't have a drastically negative impact on 
performance. Use them to establish your overall design idea and get a general idea for building 
size and area. 

In-place mass forms can be both solid- and surface-based forms; however, masses that 
contain only surfaces cannot be analyzed for any sort of volumetric quantities. You can start an 
in-place mass in one of two ways: The first way is to select the Architecture tab in the ribbon, 
and on the Build panel, choose the Component > Model In-Place command. 


Cif Place a Component 


} »| Model In-Place 
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When you select this option, the Family Category And Parameters dialog box 
appears (Figure 8.8). You will be able to use the other massing tools only if the in-place 
component is assigned to the proper category. Be sure to select the Mass category and 


click OK. 
FIGURE 8.8 = a 
Selecting the Mass ate gory and Pare 
category Family Category 
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WHERE ARE MY MASSING TOOLS? 


If you don’t see the Massing & Site tab in the ribbon, you might need to activate it. In some 
installations, these tools are deactivated by default. In the Application menu, click Options 
and then select User Interface. Make sure that the Massing & Site Tab And Tools option is 
checked. 


The other way to create an in-place mass is to select the Massing & Site tab in the ribbon and 
from the Conceptual mass panel, choose the In-Place Mass command. In either case, when you 
start to create the mass, you'll want to have the Mass category visible (it’s turned off by default 
in all views). Rather than confuse you by allowing you to create objects that wouldn't be visible, 
the software prompts you to turn the category on (Figure 8.9). 
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FIGURE 8.9 
Enabling the Show 
Mass mode 


Revit has enabled the Show Mass made, so the 
newly created mass will be visible. 


To temporarily show or hide masses, select the Massing & Site 
ribbon tab and then click the Show Mass button on the Massing 
panel, 


Masses will not print or export unless you make the Mass 


category permanently visible in the View Visibility/Graphics 
dialog. 


| Do not show me this message again 





Once you close this dialog box, you'll be given the opportunity to name your in-place mass. 
In this case, you're going to name the mass Cube (Figure 8.10). 


FIGURE 8.10 
Naming the mass 





After you've named the mass from the previous steps and clicked OK, you'll be shown the 
Massing toolset for in-place families. The Create tab contains the tools that you'll use to create 
solid and void geometry as well as surface-generated masses. 

In the following exercise, we will create a cube, pyramid, and sphere (Figure 8.11) to 
demonstrate some uses for masses. Starting with the cube, its dimensions are 100' x 100' x 100’ 
(about 30 m x 30 m x 30 m). The base of the pyramid is the same size as the cube, with equal 
sides tapering to the same height. The sphere is the same width as the cube. 


FIGURE 8.11 
Cube, pyramid, and 
sphere masses 
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You've already started the command with either the Model In-Place or In-Place Mass command. 
The next step will be to create the 3D geometry inside the family. Mass geometry is created in a two- 
step process: First, create the 2D shape of the object; then use the Create Form tool to generate the 3D 
geometry. This process is different from typical modeling software applications because it does not 
require you to choose a specific modeling command before you begin to explore your design. 

Now, let’s get into the details with the following steps: 


1. 


For the cube, you'll first need to sketch a square in a plan view. From the Create tab in the 
ribbon, in the Draw panel, use the Line or Rectangle tool to sketch a 100' x 100' (30 m x 
30 m) square. 


. Activate the default 3D view, and then click the Modify button in the ribbon. Select the lines 


you sketched in the previous step. You may need to press the Tab key to ensure that all four 
lines of the square are selected. From the contextual tab in the ribbon, choose the Create 
Form flyout tool from the Form panel, and choose Solid Form. You will see a dimension in 
the 3D view that indicates the default height of the extrusion. Click the dimension value 
and then type 100' (30 m) and press Enter on the keyboard to set the desired height. 


In the contextual tab of the ribbon, click Finish Mass. 


4. Return to the Massing & Site tab in the ribbon, and then click In-Place Mass. Name the 


next mass Sphere. 


From the Create panel in the ribbon, select the Circle tool from the Draw panel. In the 
Options bar, set the Placement Plane to Level : Midpoint. Set the Radius to 50' (15 m). 


You may get a warning that the elements are not visible in the current view. That’s fine 
for now; continue to the next step. 


In a 3D view, click the Modify button in the ribbon, and then select the circle. From the 
contextual tab in the ribbon, choose Create Form > Solid Form. This will pop up two 

visual options for you (Figure 8.12). One will allow you to simply extrude the circle and 
create a cylinder; the other will allow you to create a sphere. Choose the Sphere option. 


7. In the contextual tab of the ribbon, click Finish Mass. 


8. Once again, return to the Massing & Site tab in the ribbon, and then click In-Place Mass. 


Name the next mass Pyramid. For this shape, you will need to sketch a square in plan 
and a triangle in elevation before you use the Create Form tool. 


Activate the Level 1 floor plan and sketch a square that measures 100' x 100' (30 m x 30 m). 
From the Draw panel in the ribbon, click the Plane tool. Draw two reference planes—one 
for each centerline of the square you just sketched (Figure 8.13). Select the horizontal 
reference plane, and in the Properties palette set the Name value to Pyramid Ctr. 
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FIGURE 8.12 
Create Form options 
for a circle 


(a) 








(b) 
FIGURE 8.13 | 
Draw two reference 
planes in the pyramid — me ea — 
sketch | | 
| | b 
| 2 | M 
Pyramid Ctr = aS SS i 
"o= Sf i. 
| B 





288 


CHAPTER8 ADVANCED MODELING AND MASSING 


10. Activate the South elevation view. From the Draw panel in the ribbon, click the Line 
tool. You will be prompted to select a work plane. Choose the Name option, and from 
the drop-down list select Reference Plane : Pyramid Ctr. Sketch a triangle as shown in 
Figure 8.14. Make sure to use intersection and endpoint snapping to make the base of 
the triangle in line with Level 1 and at the intersection of the Top level and the vertical 

reference plane. 
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11. Ina 3D view, click the Modify button in the ribbon. Select both the square and the 
triangle, and then select Create From > Solid Form from the contextual tab in the ribbon. 
The Create Form command will detect that the most likely configuration of these two 


2D shapes is to sweep the triangle along the square path, thus forming a pyramid. Click 


Finish Mass in the contextual tab of the ribbon, and you will see the three masses that 
you've created: cube, pyramid, and sphere (Figure 8.15). 


FIGURE 8.15 


Cube, pyramid, and 
sphere. 
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As each form was finished, the in-place mass was completed, and the process was repeated 
for each new mass. In the Project Browser, locate the Families branch and the Mass category. 
Expand the branch and you will see each mass as a separate item. 


Placing a Mass 


Continuing with the previous exercise, you will now load and place a mass family. There are 
many premade families in the default libraries for Revit software. We have already loaded a 
mass family in the project files for this exercise. Continue with the cO8-Massing-1-Start.rvt 
or CO8-Massing-1-Start-Metric.rvt file by following these steps: 


1. Activate the Level 1 floor plan. Switch to the Massing & Site tab in the ribbon and click 
Place Mass. In the Type Selector, make sure that either Gable or M_Gable is selected. 


2. 


Click an area to the right of the mass forms you created in the previous exercise steps. 


Click the Modify button in the ribbon and then select the Gable mass you just placed. 


3. In the Properties palette, set the following values: 


+ 


+ 


+ 


+ 


Width: 100' (30 m) 
Depth: 100' (30 m) 
Height: 100' (30 m) 
Eave Height: 50' (15 m) 


When you switch back to a 3D view, you will see the Gable mass family in the same context 
as the in-place masses you created previously (Figure 8.16). All of the mass forms will function 
similarly as you assign mass floors, place building elements by face, and create schedules. The 
main difference is that to edit the geometry of the placed mass, you must do so by changing 
the values in the Properties palette. Keep in mind that you may also load a different mass 
family and swap one shape for another. You cannot swap an in-place family for a loaded 


family. 


FIGURE 8.16 
The Gable mass 


family is placed and 


modified. 
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Certification Creating Mass Floors 
Objective . oe 
Once you have created some solid mass forms, it’s important to understand how to create mass 


floors. The Mass Floors dialog box allows you to generate some quick floor plates and get a 
rough idea of the floor areas available in your masses. This technique will work equally well 
with in-place masses or loaded mass families. 

To create mass floors, follow these steps: 


1. Activate the South elevation view. Use the Copy tool from the Modify tab in the ribbon to 
create more levels in addition to the three provided in the exercise file. Place the copied 
levels at intervals of 10' (1,500 mm), so you have a total of 10 levels (Figure 8.17). 


2. Ina3D view, select all the masses and click the Mass Floors button in the contextual tab 
of the ribbon. 


3. In the Mass Floors dialog box, check the boxes for all the available levels. This allows you 
to assign a conceptual floor plate wherever each selected level intersects a mass form. 
Click OK to close the dialog box. 


FIGURE 8.17 
Create multiple SS 
intersecting levels | 
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Wherever the selected levels intersect the mass forms, floor faces will be generated, as shown 
in Figure 8.18. Now the masses and floor faces can be calculated and scheduled. If you select 
any one of the masses and observe the parameters in the Properties palette, you will see that 
Gross Floor Area now reports an area that will change depending on how many mass floors are 
assigned to that mass. 


FIGURE 8.18 
Floor area faces 
assigned to mass 
forms 
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Scheduling Masses 


With the mass floors created, you can now schedule them and begin to understand what kind 
of areas you have for floor plates in these shapes. Remember, you can do this exercise with any 
type of mass shape, and it can be a great way to validate your building’s program against a 
variety of building forms. 

Let’s continue with the exercise by following these steps: 


1. From the View tab in the ribbon, click Schedules > Schedule/Quantities, and you'll be 
given the option to schedule the Mass category itself or various subcategories, including 
Mass Floor (Figure 8.19). Select Mass, and we'll schedule the masses so we can do a 
comparative analysis between the different mass types. 


FIGURE 8.19 
Creating a schedule 
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2. Select the fields Family, Gross Floor Area, Gross Surface Area, and Gross Volume, as 
shown in Figure 8.20. Add them to the Scheduled Fields table by clicking the Add 
button. 


For this example, we’ll also show you how to create two calculated values. This will allow 
you to calculate the overall volume of each mass compared to the floor area, as well as 

the overall surface area compared to the floor area. Schedules like this will be helpful 
during the early design process to help you understand how efficient the space of your 
design is compared to the volume and surface area required to contain that space. Follow 
these steps: 
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FIGURE 8.20 
Scheduled fields 
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a. Click the Calculated Value button in the Fields tab of the Schedule Properties dialog 
box, and name the new calculated value Volume to Floor Ratio, as shown in Figure 
8.21. In the Formula area, enter the following formula, and be sure to use the correct 
case: (Gross Volume / 1) / Gross Floor Area. In metric units, the formula is (Gross 
Volume / 1m) / Gross Floor Area. To keep the units consistent, you divide the gross 
volume by 1' (1 m) before dividing by the gross floor area. Click OK to accept the 
formula. 


FIGURE 8.21 
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b. To create your next calculated value, click the Calculated Value button again and name 
this formula Surface to Floor Ratio. In the Formula box, enter the following formula 
and again be sure to maintain the correct case: Gross Surface Area/ Gross Floor Area. 
Once you've entered the formula, click OK (Figure 8.22). 


FIGURE 8.22 
Create a calculated l 
value for the surface- : Surface to Floor Ratio 
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The finished schedule is shown in Figure 8.23. Notice that, proportionally, a sphere and a 
cube have efficient floor areas compared to their corresponding surface area and volume. 


FIGURE 8.23 
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On the other hand, the pyramid mass will require significantly more surface and volume 
to create the same relative surface area as a cube or a sphere; thus, a pyramid takes far more 
surface area than a cube to contain the same amount of space. 

You can download the finished file from the book’s web page. It’s in the Chapter 8 folder 
and is named c08-Massing-1-Finished.rvt. 


Massing Surfaces 


Now that we have discussed how to create or place solid mass forms, let’s review some of the 
ways in which you can generate massing surfaces. Similar to the process of creating a solid 
massing form, you can select one or more lines and then use the Create Form tool to generate a 
surface. Figure 8.24 shows a number of reference line types you can create with the Draw tools: 
Spline Through Points, Spline, Curve, and Line. 
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As you can see in Figure 8.25, each of these reference lines has different control points that 
allow for further control. 


FIGURE 8.24 
Reference line 
segment types 


FIGURE 8.25 
Reference line control 
points 





Because these are not closed loops, the form that will generate from each of these segments 
will only be a surface (Figure 8.26). You generate the form by selecting each of the lines (one at a 
time, not together) and then selecting Create Form > Solid Form. 

You can also create surface-based forms from more than one line at a time. The result is a 
surface that can be controlled in more complex ways than a single line. 

Take the Spline Through Points line, for example. The form on the left in Figure 8.27 creates 
a face that is controlled by a single reference line, whereas the form on the right is a face 
controlled by two (and it could be more) reference lines. 

Moving the location of the control points on the form on the left maintains a consistent height 
to the top of the surface previously generated, whereas moving the control points of the surface 
on the right creates a surface that varies in height (Figure 8.28). 
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FIGURE 8.26 
Surface forms 


FIGURE 8.27 
Surfaces based on 
multiple splines 


FIGURE 8.28 
Single and multi- 
spline surfaces 





After a surface is generated, it’s also possible to add more profiles, as illustrated by 
Figure 8.29. A profile is basically a joint in the form, allowing for another control location. Any 
profile you add will respond in the same way the edges of the mass respond, by allowing you 
to modify and manipulate both them and their location. We’ll demonstrate how to use this tool 
and the rest of the Form Element panel later in the chapter. For now, we’ll step through some 
of the tools so you can get an understanding of the relationship of tool to form and see how 
quickly you can create forms. 
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FIGURE 8.29 
Adding a profile 


Added profile 





After the profile was added, it was moved to create a bulge in the surface (far right shown in 
Figure 8.30). 


FIGURE 8.30 
Moved profile 





The fourth iteration of the form was created by selecting the surface and then choosing the 
Dissolve tool in the contextual tab of the ribbon. This removed the surface but left us with all the 
references used to create the form. 

Once the face was dissolved, another reference called Spline Through Points was added 
between the upper and lower reference splines. The result is shown in Figure 8.31. 

Selecting all three references and then choosing the Create Form tool stitched them all into a 
new single-surface form (Figure 8.32). 
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FIGURE 8.31 
Additional spline 
added 


FIGURE 8.32 
New surface form 
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Selecting the points within the middle reference allowed for even more complex surface 
control (Figure 8.33). 


FIGURE 8.33 
Edited center spline 





Keep in mind that selecting lines or shapes to create forms is a sequential operation (when it’s 
not in a closed loop). Window-selecting all the splines and then creating the surface will result 
in very different forms than if you were to sequentially select adjacent splines (Figure 8.34). The 
result is that the surface form isn’t interpolated as smooth between the upper and lower splines. 
Instead, a distinct edge is created between the two splines. 


FIGURE 8.34 
Spline-based surfaces 





As you can see, it’s easy to create complex surface forms using reference lines. Now let’s 
begin to create complex forms using reference planes. 


Using Free-form Building Massing 


Now that you are familiar with the basic functionality of the massing tools, let’s learn how to 
generate and explore building forms in an informal way. The exercise in this section will build 
on the skills you learned in the previous section, and you will learn how to directly manipulate 
solid geometry using grips, gizmos, and dimensions. 
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Start by downloading and opening either cO8-Massing-2-Start.rvt or cO8-Massing-2- 
Start-Metric.rvt from the book’s web page. Begin the exercise by following these steps: 


1. Activate the Level 1 floor plan. From the Massing & Site tab in the ribbon, click In-Place 
Mass and name the new family Mass 1. 


2. From the Draw panel in the ribbon, choose the Rectangle tool. In the Options bar, check 
the box to make a surface from closed loops. Sketch a rectangle that is approximately 40' x 
90' (12 m x 28 m). Specific dimensions are not important; it’s more about the proportions. 


3. Open the Default 3D view, and click the Modify button in the ribbon. Hover the mouse 
pointer over one of the lines in the rectangle sketch. Press the Tab key until you see 
Form: Form Element displayed in the status bar. Select the form element and you will 
see controls that allow you to pull the surface into a solid (Figure 8.35). Using the control 
pointing in the up direction, press and drag it until the form is about 140' (43 m) tall. 


FIGURE 8.35 
Creating a solid form 


There are a number of shape handles that allow you to modify each face, edge, and 
intersection. Simply hovering over each face, edge, and vertex will highlight the 
appropriate control. You can also press the Tab key on the keyboard to select the desired 
control. We'll step through some of the selections to give you an idea of what the controls 
for the faces, sides, and points look like. 


4. Starting with any vertical face, select it and you'll be given the control shown in Figure 8.36. 


5. Select an edge and you will have the ability to move the edge of a form in multiple 
directions (Figure 8.37). 


6. Select the point at the intersection of several edges. You will likely need to press the Tab 
key to select a corner point. This control allows you to modify the location of a vertex 
(Figure 8.38). 


The control arrow allows you to modify the selected element parallel to the direction 
of the arrow, whereas the angled indicators of the same colors as their corresponding 
arrows allow you to modify the location of the selected element perpendicular to the 
arrow. 
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FIGURE 8.36 
Face control 














FIGURE 8.37 
Edge control 
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FIGURE 8.38 
Vertex control 





A| 
Tn, 
i 
=y 
i 
ip 
= 
| 





There are also some tools to help you with the visualizations of the mass, especially as 
it gets more complex. One of these is the X-Ray tool, which will take a solid and turn it 
into a semitransparent form. Turn on X-Ray mode by selecting the form and clicking the 
X-Ray button on the Form Element panel. This will let you see any of the profiles and 
controls on the other side of the object. 


Now that X-Ray mode has been enabled, look at the options that are provided for turning 
a rather simple, extruded form into something complex. An edge may be added to an 
existing form from vertex to vertex or parallel with the trajectory of the form (shown as a 
dotted line from the upper to the lower face). 


7. Click the Modify button in the ribbon, and then select the front face of the extruded mass 
you previously created. From the contextual tab in the ribbon, select Add Edge. As you 
mouse over the face you've selected, you'll be given a ghosted line to locate the edge. 
Simply click to place it, as shown in Figure 8.39. 


8. Once the edge has been added, you can push or pull the face adjacent to the new edge, as 
shown in Figure 8.40. Click the Modify button, and then select the face to the left of the 
edge you created in the previous step. Press and drag the green control arrow to move the 
face back into the extruded form. 
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FIGURE 8.39 
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FIGURE 8.40 





Pushing the face 
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9. Select the overall mass form again, and then click the Add Profile tool on the Form 


Element panel in the ribbon. You'll get the same ghosted line as you did to create the 
edge, but this time it will be the circumference of your element—essentially representing 
the profile at that point. Click to place it as shown in Figure 8.41. 





FIGURE 8.41 ° 
Adding a profile to the 
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10. Again, click the Modify button in the ribbon, and then select the edge at the upper-left 


of the extruded form. Use the green control arrow to pull the edge away from the mass 
form. Pushing or pulling a point or single edge will create curved and warped surfaces 
(Figure 8.42). This is fine because the form that you're creating can be rationalized later 
when you are adding a pattern to the surface. 
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11. Click the Add Edge button in the contextual tab of the ribbon, and then click the vertices 


indicated in Figure 8.43 in the order they are numbered. Doing so will force the warped 
faces to become triangulated and planar, because three points define a plane. 
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ESCAPE THE MADNESS 


By now, youre probably tired of constantly clicking the Modify button in the ribbon when you need 


to jump between commands to explore the free-form modeling processes. An easier solution is to 
simply press the Esc key to return to the Modify state. 


12. Select the edge at the upper-right of the mass form and use the red control arrow to pull 
it away from the form, as shown in Figure 8.44. Again, it’s not necessary to maintain 


the exact dimensions of what you see here; it’s about trying to keep the proportions 
appropriate. This is what free-form massing is all about! 
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FIGURE 8.44 
Pulling the upper 
edge 





Dissolving and Rebuilding 
Now, let’s say you have come to a point in your design exploration when you would like to 
simplify the mass form you've created and start exploring some other alternatives. The tool to 
perform this function is called Dissolve. Using the Dissolve function will remove the mass solid 
and leave behind the profiles that define the solid. The dot in the center of each plane is a control 
that will allow you to edit the elevation, rotation, and location of each profile. 

Continue with the cO8-Massing-2-Start.rvt or cO8-Massing-2-Start-Metric.rvt file 
you used for the previous exercise, and follow these steps: 


1. Ina3D view, select the entire form and then click Dissolve on the Form Element panel in 
the ribbon. Only the profiles will remain, as shown in Figure 8.45. 


2. Select all the remaining profiles and then click Create Form > Solid Form. This will stitch 
the form back together in a way that interpolates the shape as more of a lofted blend 
(Figure 8.46). Once the new shape is created, you can add more profiles or edit the shape 
using the tools we just reviewed. 
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FIGURE 8.45 
Using Dissolve to 
remove the mass solid 


FIGURE 8.46 
Making a lofted blend 
from three profiles 
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There are a few other ways to generate shapes using the profiles you just created. For 
instance, if you select only two profiles at a time, then you'll get a form like the one in 
Figure 8.47. This form was created by first selecting the bottom and middle profiles and 
then creating the form. Then the middle and upper profiles were selected and another 
form was created. The result is straight—rather than curved—interpolation between the 
profiles. 


FIGURE 8.47 
Making a blend from 
two profiles at a time 





As another way to generate form using these profiles, you can alter the shape of the 
profiles before you create the form again. In the next steps, you will delete the straight 
edges along one side of the profiles and then define a curved edge. 


3. Start by deleting the existing edges along the right side (you'll have to tab to select just 
the edges), as shown in Figure 8.48. 


Now you'll want to draw a fillet arc to rejoin the two remaining edges. Before you can 
draw the arc, you first have to define the right work plane. 


4. Click the Set command from the Work Plane panel. Highlight the control point in the 
center of the profile, and press the Tab key to cycle through your options until you get a 
work plane that is parallel to your profile (Figure 8.49). Click to select. Now you'll be able 
to draw your arc on the proper plane. 
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FIGURE 8.48 
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9. From the Draw panel in the ribbon, choose the Fillet Arc tool. Click each edge on either 
side of the open end, and then click again to set the arc in place. Once the work plane is 
selected, you'll be able to draw additional model lines. In this example, you're using a 
fillet arc to connect the lines. You'll do the same thing for the other two shapes. 


6. Repeat steps 4 and 5 for the other two profiles. 


7. Select the lower two profiles and click Create Form > Solid Form. Then do the same with 
the upper two profiles. Finally, you'll want to remove any blends by adding an edge to the 
opposing edges. 
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Creating additional mass solids is easy. You can select an existing face, as shown in 
Figure 8.50, and then select the Create Form command. 


FIGURE 8.50 
Creating additional 
mass forms 





The same tools were used to create the form shown in Figure 8.51. Click the Finish Mass 
command in the contextual tab of the ribbon and return to the regular project environment. 


FIGURE 8.51 
Creating another 
form 
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Once you're out of In-Place Massing mode, you'll notice that if you select the model, many 
shape handles simultaneously appear in the form of solid blue arrowheads (Figure 8.52). You 
can use shape handles to push and pull your solid mass, but you won't be able to modify edges 
or vertices without reentering In-Place Massing mode. 


FIGURE 8.52 
Using shape handles 





Figure 8.53 shows the finished mass in a perspective view. Both solids and voids can be used 
to complete a mass form. Whereas solids will add more geometry, voids will remove geometry 
from your mass. 


FIGURE 8.53 
The finished form 





To demonstrate this, we'll return to In-Place Massing mode and create another face on the top 
of the existing form (Figure 8.54). 
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FIGURE 8.54 
Adding a void 





STARTING VOIDS AS SOLIDS 


If you create the void as a void, it will immediately cut the solid mass and become invisible. This 

can be annoying when you're trying to resolve your design and want to selectively cut after you've 

intuitively resolved a design idea. Fortunately, there’s another way to create the form as a void. 
Follow these steps: 


1. Rather than creating a void, start by creating a solid of a different color and category 
to keep things clear during your design iteration. You can simply give the new solid a 
different material type to change the color. 


2. Select the solid mass and convert it to a void by changing the Solid/Void property in the 
Properties palette, as shown in Figure 8.55. 


Figure 8.56 shows the result of the void cutting the solid. Note how the form on the left side 
of the image has changed from Figure 8.53. Keep in mind that if you want to convert the void 
back to a solid, you'll have to uncut any geometry that was being cut by the void. But the nice 
thing about this technique (converting solids to voids and then cutting) is that you've selectively 
cut only the solids that you wanted to cut. Had you originally modeled the void as a void, you 
would have found that the void was cutting many solids and you'd have had to uncut solids that 
weren't even overlapping with the void! 

Overall, creating solid masses intuitively is a great way to establish, analyze, and visualize 
your overall design idea. As you saw previously in the chapter, mass floors allow you to even 
quantify gross floor areas before you’ve committed to geometry. 

Furthermore, it’s possible to put different intuitive massing ideas inside different design 
options (covered in Chapter 10, “Working with Phasing, Groups, and Design Options”) so 
that many ideas can live in a single Revit project file. Simply initiate worksharing and create 
worksets for each study mass. Multiple team members will be able to see one another’s work at 
the same time and in context with their design ideas. This is the holistic kind of team approach 
to design information that makes massing a unique and valuable design tool. If you'd like to 
investigate this file further, you can download the file CO8-Massing-2-Finished.rvt from 
the Chapter 8 folder of the book’s web page. 

Next, we'll investigate parametric and formulaic solid mass creation in the Family Editor. 
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FIGURE 8.55 
Converting a solid to 
a void 
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Cutting the void 
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Creating Formula-driven Massing 


Formula-driven massing can be done in the project environment, but the challenge is that you 
have to work in the context of the project, and all the parameters, formulas, reference planes, 
and lines can start to get in the way. Therefore, having the option of creating form-driven 
masses in the Family Editor without the clutter of the project environment can help you focus 
on what you're trying to accomplish. 

In this section of the chapter, we will show you two different methods for creating formula- 
driven massing. First, you will create a generic model family and then load it into the project 
environment as part of an in-place mass. Second, you will create a conceptual mass family to 
observe the differences in modeling tools and how they will affect your design explorations. 


Creating a Generic Model Mass Family 


Although it’s possible to create complex forms as a generic model in the Family Editor, they 
do not behave as masses when you place them in the project. You can assign standard walls, 
curtain walls, and roofs to the faces, but you can’t add patterns, create mass floors, or even 
schedule the results as a mass. The tools you will use in this exercise are the tools available for 
building most other 3D content using extrusions, sweeps, and blends. It’s good to understand 
how to use these tools so you're familiar with all the types of modeling in Revit software. 


1. Open a Generic Model template by choosing the Application button > New > Family. 
Select either Generic Model.rft or Metric Generic Model.rft from the list of 
default templates. 


In some cases, you can change the category of a family by clicking the Family Category 

and Parameters button in the ribbon; however, you can’t convert a generic model family 
to a mass (Figure 8.57). You'll need to maintain the family as a Generic Model and then 

place it into an in-place mass within a project. 


FIGURE 8.57 
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Q 


Blend 


2. Go to a floor plan reference-level view in your family. From the Create tab in the ribbon, 


click the Reference Line tool (not Reference Plane). Draw a reference line along the y-axis 
(up), as shown in Figure 8.58. Note that the reference line is drawn from the intersection 
of the reference planes. Note also that we have increased the line weight of Reference 
Lines in the Object Styles settings for clarity. 


FIGURE 8.58 | 
First reference line 





3. Draw another reference line in a downward direction along the y-axis (Figure 8.59). These 


reference lines will control the angular “twist” in your finished family. 


Now you're going to create a blend that will be associated with the reference lines you 
just created. The bottom of the blend will be associated with the first reference line, and 
the top of the blend will be associated with the second reference line. 


. From the Create tab in the ribbon, click the Blend tool. By default, you will start by 


defining the bottom profile of the blend. Click the Set command in the Work Plane panel 
of the contextual tab in the ribbon. Choose the Pick A Plane option (Figure 8.60), click OK, 
and then click the first reference line you drew. 
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FIGURE 8.59 
Second reference line 


FIGURE 8.60 
Setting the work 
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5. 


6. 


FIGURE 8.61 
Establish equality 
dimensions. 


VP 
Edil 
| Top 


From the Draw panel in the contextual tab of the ribbon, choose the Rectangle command 
and sketch a 20' (6 m) square in the plan view. 


Switch to the Annotate tab in the ribbon and click the Aligned dimension tool. Place a 
dimension on both vertical lines in the square sketch and the vertical reference line— 
not the reference plane. Click an empty area of the plan view to finish the dimension 
command. Highlight the finished dimension and click the EQ icon on the dimension 
string. The plan view should look like the image in Figure 8.61. 





Use the Aligned dimension tool again to create dimensions for the vertical and 
horizontal sketch lines. This time, you'll want to select the Reference Plane as your center 
dimension. The goal is to make the box equal on all sides and equidistant from the 
reference planes (Figure 8.62). After you place the two dimensions, select them, and from 
the Options bar go to the Label drop-down list, and then choose <Add Parameter>. In the 
Parameter Properties dialog box, set the following values: 


@ Name: BW 
@ ‘Type or Instance: Instance 
@ Edit Tooltip: Bottom width of blend 


The plan view should now look similar to the image in Figure 8.62. You can adjust the 
value of the BW parameter by clicking the Family Types icon from the Properties panel in 
the ribbon. 


From the contextual tab in the ribbon, choose Edit Top. Click the Set command in the 
Work Plane panel, choose the Pick A Plane option, click OK, and then click the second 
(downward) reference line you drew in step 3. 
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FIGURE 8.62 , BW = 9° - 0" 
Parameter J 
dimensions added to 
the bottom sketch 





9. Repeat steps 5 and 6 for the top sketch. Equally distribute the overall dimensions in 
relation to the downward reference line and create the parameters as you did previously, 
but name the parameter TW (Top Width), as shown in Figure 8.63. 


FIGURE 8.63 ; TW = 10'- 0" 
Top width parameters A 


and sketch 
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10. Inthe Properties palette, locate the property named Second End. Click the small button 


11. 


12. 


at the right end of the row—this is the Associate Family Parameter button. Click the Add 
Parameter button. In the Parameter Properties dialog box, set the following values: 


@ Name: H 
@ Type or Instance: Instance 
@ Edit Tooltip: Height of blend 


Click OK to create the parameter and close the open dialog boxes. Now select Finish 
Family (the green check mark) from the contextual tab in the ribbon to complete the 
blended form. 


You should take a moment to test that the reference lines control the top and bottom 
sketches of the blend. Activate the default 3D view, select the reference line to highlight 
it, and then move the end of the reference line. Be careful when moving the reference 
line. The goal is to test the parameters, so when you move the line, do so by dragging 

the line slightly. You'll see the resulting forms change. Don’t use the Move command—it 
will break the parameters. The other end remains associated with the intersection of the 
default reference planes, and the top and bottom sketches rotate, as shown in Figure 8.64. 


FIGURE 8.64 
Twisting the blend 
with reference lines 
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13. From a plan view, move the reference lines so that they’re no longer on top of the 
reference planes. From the Annotate tab, click the Angular dimension tool and place 
dimensions between each reference line and the vertical reference plane. 


14. Select the upper angular dimension, and from the Label drop-down list in the Options 
bar choose <Add Parameter>. Create a new family parameter with the following values: 


@ Name: BA 
@ Type or Instance: Instance 


@ Edit Tooltip: Bottom angle, counterclockwise from 90 


Furthermore, you can add parameters to control the top and bottom angles of the blend. 
We've called these instance parameters BA and TA (for bottom angle and top angle, 
respectively). 


15. Select the lower angular dimension and again choose <Add Parameter> from the Label 
drop-down list. Create another new parameter with the following values: 


@ Name: TA 
@ Type or Instance: Instance 


@ Edit Tooltip: Top angle, clockwise from 270 


Figure 8.65 also shows all the parameters that control this blend. From the Create tab 

in the ribbon, click the Family Types icon. Go ahead and test the parameter values by 
changing angles in the Properties palette and clicking the Apply button (or moving your 
mouse out of the palette). The form should rotate and twist. This is how you will interact 
with the form after you load it into a project environment. 


FIGURE 8.65 
Test the dimensional 
parameters before 
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FIGURE 8.66 
Turning a solid into 


avoid 


16. You're going to use the edges of this blend to drive the geometry that you're going to 


create, but since you don’t want to see this blend, turn it into a void. With the blend 
selected, use the Solid/Void drop-down list in the Properties palette (Figure 8.66). The 
blend form will change color to a yellow-orange if you set your visual style of the view to 
Shaded. 
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17. From the Create tab in the ribbon, click the Sweep tool. Select Pick Path (not Sketch Path) 


18. 


19. 


in the contextual tab of the ribbon to select the edges of the blend previously created. Pick 
the edges of the blend, as shown in Figure 8.67. Note the location of the sketch plane along 
the lower rear edge. This is because it is the first edge selected. 


Once you select the edges of the blend, click the green check mark to finish the path. 
Click the Select Profile icon and select Edit Profile from the contextual tab in the ribbon. 
Doing so allows you to sketch the profile in direct context of the selected edges. 


Sketch a profile 5'-6" (1.7 m) wide x 4'-6" (1.4 m) high. After you sketch the profile, add 
aligned dimensions, and then add parameters to the profile width and height as you've 
done previously in this exercise. We’ve called the instance parameters PW (profile width) 
and PH (profile height), respectively (Figure 8.68). 
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FIGURE 8.67 
Selecting the edges of 
the blend 





FIGURE 8.68 

Adding parameters to 
the profile width and 
height 
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20. Finish the sketch and the sweep, and the profile will generate as shown in Figure 8.69. 


FIGURE 8.69 
The finished sweep 





Save the family on your computer as Generic Model Mass.rfa. With the form created, it’s 
now possible to load this family into your project environment and place it within an in-place 
mass. To do this, follow these steps: 

1. Open anew project using the default Architecture template, and begin by creating an 
in-place mass from the Conceptual Mass panel of the Massing & Site tab. Name the mass 
Generic Mass. 

2. While still in the In-Place Mass Sketch mode, toggle back to the mass family you just 
created and click Load Into Project from the ribbon. You should immediately be ready to 
place an instance of the loaded family, but if not, switch to the Create tab in the ribbon 
and click Component. Place the generic family as a component into your in-place mass. 


3. Select the component you just inserted, and notice in the Properties palette that all the 
attributes you gave to the mass are available for you to edit. Using these parameters, set 


the values as follows: 
@ BW: 160' (49 m) 

@ TW: 140' (43 m) 

+ H:160' (49 m) 
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PW: 40' (12 m) 
PH: 65' (20 m) 
BA: 22° 


© ¢ è% «©¢ 


TA: 22° 


4. Now finish the in-place mass by clicking the green check mark, which is the Finish Mass 
button. Even though this is a generic model family, because you've placed it during 
In-Place Mass mode, the software treats it as a mass. 





5. Activate the South elevation view and add 15 additional levels. Space the levels every 10' 
(3 m) apart, as shown in Figure 8.70, so that there are levels that extend across the entire 
elevation of your massing. 


FIGURE 8.70 
Adding levels that 
extend across the 
elevation of your 
massing 





6. Select the mass and click the Mass Floors button on the contextual tab in the ribbon. 
Select and check the boxes for all the levels, and then click OK to apply the changes and 
close the dialog box. 


7. Select the mass, and on the contextual tab in the ribbon click Edit In-Place. Hover over 
one of the surfaces on the generic model, press the Tab key until the status bar indicates 
a face, and then click to select it. In the contextual tab of the ribbon, click Divide Surface. 
With the face still selected, go to the Type Selector and choose Triangle (Flat). You'll also 
be able to associate patterns and pattern-based components with your generic massing 
family (Figure 8.71). Continue to do this for each vertical surface on the generic model, 
and then click Finish Mass. 


8. Finally, switch to the Architecture tab in the ribbon and click Roof > Roof By Face. Click 
the horizontal surfaces of the mass and then click Create Roof in the contextual tab of the 
ribbon. Click the Modify button to complete the command. 
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FIGURE 8.71 
Adding pattern-based 
components 
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Figure 8.72 shows four perspective views of the completed massing study, all created with 
the familiar geometry toolset. 


FIGURE 8.72 
Perspective views 





We've also rendered the model, as shown in Figure 8.73. The results are quite interesting, 
and you'll still have the ability to modify the underlying parametric family and then rehost the 
faces. You'll also be able to schedule the volume, surface, and floor area of the mass. 
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FIGURE 8.73 
Rendering of the 
generic massing 
project 





You can download and further investigate the files that were used to create this exercise in the 
Chapter 8 folder of the book’s web page. Download the project file cO8_Parametric_Generic_ 
Massing_Finish.rvt, which contains the in-place massing and the loaded generic element. 

Now let’s begin to investigate how to create parametric massing in the Family Editor using 
the conventional massing tools. 


gis Real World Scenario 


DESIGN BY VISUAL PROGRAMMING 


A new trend in design methodology is becoming more popular—the use of visual programming tools 
to generate complex forms. We are not talking about parametric design as an aesthetic philosophy, 
but rather the tools employed to achieve the results. The term “visual programming’ refers to the 
use of a graphic UI to drive code-based scripting that will generate complex geometrical forms. 
One new tool that has been developed to work with Revit software is called Dynamo—an open 
source software project in which developers and designers can participate and contribute freely. 
The website dynamobim.org has learning material, free downloads, and a discussion forum. 

















| 


Erini rri] 





Perir | heed Te 
= laea 


Haart i 
Eka a a a a T ia șa TeftiAsws 


Image courtesy of CASE 


325 


326 


CHAPTER8 ADVANCED MODELING AND MASSING 


Creating a Complex Mass Family 


In the previous exercise, we used the basic modeling tools that are available for most family 
categories. The tools available in the conceptual massing environment are somewhat different. 
In the next exercise, you will open a conceptual mass family that we have started with a number 
of datum objects and embedded formulas. 

Overall, the UI is not too dissimilar from the project environment. It’s as if you're creating 
masses in-place—except that you're not in the project environment; you're in the Family Editor. 
One significant difference that you can see is that there is a single level and two reference 
planes, which also define the origin for a massing family (Figure 8.74). Keep in mind that when 
you reload this family into your project, it will update relative to the origin in the family. 


FIGURE 8.74 =@x 
‘The Massing user 
interface 


In the past, the ability to parametrically control objects in the massing editor was done using 
reference planes and reference lines. The Revit development team introduced reference point 
elements in 2010, which add another level of control to model elements. Point elements allow for 
Cartesian X, Y, Z, as well as rotational control. 

With all complex and parametrically controlled families, we think it’s best to understand 
complex families to get the basic rules down first. In this case, the rules are the parameters and 
formulas that will control a twisting, tapering tower. 

To begin this exercise, download and open the file c08-Formula-Massing-Start.rfa 
or CO8-Formula-Massing-Start-Metric.rfa from the book’s web page. Open the Family 
Types dialog box and observe the parameters and formulas that are included with the exercise 
file, as shown in Figure 8.75. 

We will briefly describe how this conceptual mass family was created so you can get an 
overview of the process and employ similar techniques on your own designs. Similar to the 
steps you performed in the previous exercise, reference lines were used to generate a square 
sketch at the first reference level. 

The reference lines were dimensioned with equality constraints based on the reference 
planes defining the origin. Overall dimensions were placed and associated with the WO 
parameter (Figure 8.76). WO is shorthand for the width dimension on the 0-level. 


FIGURE 8.75 
The Family Types 
dialog box 
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While in the same view, seven reference points were placed at the intersection of the default 
reference planes. Each reference point was then elevated manually by dragging the up arrow to 
move it away from the other overlapping point elements (Figure 8.77). 


FIGURE 8.77 
Moving the point | 
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When you select a reference point, you have the option to associate any of the point’s 
properties with any of the family parameters developed for this conceptual mass. This is done 
by clicking the small button in the Properties palette next to each property value. For each 
reference point in this exercise file, the Offset property was associated with a corresponding 
L-parameter (Figure 8.78). The L-parameters refer to the level number of each of your point 
elements. The first point element is associated with the parameter named L1 because it is 
reference Level 1. The second point is associated with L2, and so on. When you associate a 
property with a family parameter, you'll notice that the button fills with a small equal sign. 


FIGURE 8.78 
Adding a parameter to 
the point element 
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By default, the reference point elements are just spherical nodes. Their reference planes are 
not visible. To make them a little more usable for your modeling purposes, you can set them to 
display their internal reference planes. With a reference point selected, in the Properties palette 
you will find a property called Show Reference; set it to Always, and the reference planes of the 
point elements will be visible (Figure 8.79). 
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FIGURE 8.79 
Selecting Always next 
to Show Reference 
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Next, the Rotation Angle property of each reference point was associated with the 
corresponding family parameter. Point 1 was associated with Al (angle 1), Point 2 with A2, and 


SO ON. 


We then used the Set command in the Work Plane panel to use each point’s horizontal plane 
as the working reference to draw a square sketch of reference lines associated with each point. 
Each sketch was dimensioned in a similar way to the first sketch. The dimensions for the sketch 
associated with Point 1 are W1, the Point 2 sketch dimensions are W2, and so on (Figure 8.80). 


FIGURE 8.80 
Reference line 
sketches and 
dimensions 





For clarity, we’ve hidden the dimensions in the default 3D view so that you can see all the 
reference lines and point elements. If you'd like to see all the dimensions configured in this 
exercise file, activate the 3D view named 3D with Dimensions. 

Now let’s begin to create some mass forms using the parametrically driven framework of 
reference lines in this exercise file. Follow these steps to get started: 


1. 


While pressing the Ctrl key, select all the square reference line sketches, and then click 
Create Form > Solid Form on the Form panel in the ribbon. Although this will look like a 
simple extrusion, it’s actually a blend with many profiles. 


Open the Family Types dialog box and begin to test the results before loading the family 
into the project (Figure 8.81). Set the WCPL and APL parameters to 0 and click Apply. 


Test the parameter that controls the distance between levels by increasing the HPL 
instance parameter (which stands for height per level). If you hover the mouse pointer 
over these parameters, a tooltip will appear telling you what they mean. 


Now test the ability of the shape to taper (Figure 8.82). Do so by increasing the WCPL 
instance parameter (which stands for width control per level). 


Next, test the parameters that control the amount of angular twist per level (Figure 8.83). 
Do so by increasing the APL parameter (which stands for angle per level). 
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FIGURE 8.81 
Testing the 
parameters driving 
the form 


FIGURE 8.82 
Increasing the WCPL 
instance parameter 





6. Start a new project using the default Architectural template. Switch back to the mass 
family, and click Load Into Project from the ribbon. Place an instance of the conceptual 
mass family in the project environment. When you select the massing family, you'll be 
given access to all of its parameters in the Properties dialog box. You can quickly and 
easily test the massing parameters to significantly increase the height, width, taper, and 
incremental rotation of the massing family. 
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FIGURE 8.83 
Increasing the APL 
parameter 





7. Switch back to the family file. Hover the mouse pointer near the edge of any face on the 
mass, press the Tab key until you highlight a surface, and then click to select a surface. 
Click Divide Surface in the contextual tab of the ribbon. From the Type Selector, choose 
Rhomboid to apply the pattern, as shown in Figure 8.84. You will notice in the Properties 
palette that you can change the properties of the Rhomboid pattern to adjust the pattern to 
meet your design needs. Repeat this process for the remaining vertical surfaces of the mass. 


FIGURE 8.84 
Adding patterns to 
the face of your mass 
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8. Click Load Into Project to reload the mass into the project. Activate the South elevation 
view and set the elevation of the Level 2 datum object to 30' 9 m). Select Level 2 and click 
the Array tool in the Modify tab of the ribbon. In the Options bar, uncheck Group and 
Associate, set Number to 60, and choose the Move To 2nd option. In the elevation, click 
once, move the mouse pointer upward, and then type 15' (4.5 m). This will create a quick 
configuration of levels for your tower design. Note that no plans will be created when 
you copy or array levels. 


9. Select the mass form and click Mass Floors in the contextual tab of the ribbon. Select and 
check all the levels in the project, and then click OK to apply the changes and close the 
dialog box. In Figure 8.85, we have applied a section box to the 3D view to illustrate the 
mass floors. 


FIGURE 8.85 
Floor area faces 





If you want to learn more about expanding the use of the divided surfaces on massing forms, 
see Chapter 12, “Creating Walls and Curtain Walls.” In that chapter, we discuss the modeling 
techniques to create custom panel families and how to apply them to pattern-based curtain walls. 

Creating interesting and complex massing studies that can be parametrically controlled isn’t 
just a skill developed over time. The rules that you develop to make and reiterate your designs 
are also carefully considered aesthetic choices to make decisions rather than blobs! To see this 
file, go to the Chapter 8 folder and download c08-Formula-Massing-Project_Finished 
.rvt. Be sure to turn on Show Mass Form And Floors on the Massing & Site tab if it’s not 
turned on when you open the file. 
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The Bottom Line 


Create and schedule massing studies. Starting the design process with actual building 
elements can lead to a lot of unexpected frustration. Walls lead to rooms, which get room 
tags and eventually scheduled. But if you've failed to fulfill the client’s program, you'll 
wonder where to start over! 


Master It You're faced with creating some design studies of a large hospital complex. 
How would you go about creating a Revit project that would allow you to create a mass- 
ing study and schedule it against the design client’s program? 


Know when to use solid and surface masses. Solid masses and surface masses can both be 
used to maintain relationships to host geometry like walls and roofs, but surface masses can’t 
be volumetrically scheduled or contain floor area faces. 


Master It You've been asked to create a complex canopy system for the entry to a hotel 
project. The system will consist of a complex wave of triangular panels. What kind of 
mass would you create? 


Use mathematical formulas for massing. Not all massing is going to involve intuitive, 
in-the-moment decision making. By discovering the underlying rules that express a form, it is 
possible to create the formulas that can iterate and manipulate your massing study. So rather 
than manually manipulating the mass, you manipulate the formulas related to your mass. 


Master It What’s the best way to discover and create these formulas? 





Conceptual Design and 
Design Analysis 


In this chapter, we will take a further look at the Autodesk® Revit® Architecture Conceptual 
Design tools and how you can leverage them for sustainable design analysis. We'll also explore 
a few other tools, some of which use BIM geometry to support design analysis. 

Most building design starts with some simple concepts and forms. Will the building be 
tall or long? Curved or rectilinear? How will those shapes affect sustainable design concepts 
like solar gain, daylighting, and energy consumption? To perform these kinds of analyses and 
explore the initial ideas for building form, we use masses. In the previous chapter, we discussed 
how to create several kinds of massing. In this chapter, we’ll explore a new type and use that to 
generate some sustainable design analysis. 

In this chapter, you'll learn to: 


Embrace energy analysis concepts 


+ 


Create a conceptual mass 
@ Analyze your model for energy performance 


@ Analyze your model for daylighting performance 


Analysis for Sustainability 


Environmentally thoughtful design strategies have been around for millennia, but the practice 
of sustainable design with quantifiable metrics has seen substantial growth in the past decade. 
Sustainable design practices can help address many issues, among them energy use, access 

to natural daylight, human health and productivity, and resource conservation. One of the 
principal goals of sustainable design is to reduce a building’s overall resource use. This can be 
measured in the building’s carbon footprint (ww. archi tecture2030.org) or the net amount of 
carbon dioxide emitted by a building through its energy use. 

Before we delve into discussing any specific workflows involving BIM and sustainable 
design analysis, it’s important to recognize that many concepts are both interdependent and 
cumulative. The more sustainable methods you can incorporate into a project, the “greener” the 
project becomes. 

Take the example of building orientation, glazing, and daylighting. Designing your building 
in the optimal orientation, using the right glass in the correct amount and location, and 
integrating sunshading into the project to optimize the use of natural light all build on each 
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other. Using these three strategies together makes a building operate more efficiently while 
allowing occupants access to plenty of natural light. The amount of usable daylight you might 
capture will be greatly reduced with the application of highly reflective glass or if the building’s 
orientation is inappropriate for the geography. The appropriateness of any of these individual 
strategies and the benefits depend on building type and climate. 

Revit software has similar characteristics. Because it is a parametric modeler, all the parts are 
interrelated. Understanding and capitalizing on these relationships typically takes numerous 
iterations that span multiple projects. Optimizing the integrated strategies and technologies 
for a high-performance design requires an understanding of how they work together to deliver 
the best potential. That is where Revit comes in—allowing the ability to iterate and analyze 
faster than in a more traditional process. The process is built on the following methodology for 
reducing the energy consumption of buildings: 


Understand climate. 


@ Reduce loads. 
@ Use free energy. 
@ Use efficient systems. 


BAD MODELING HAS BAD DOWNSTREAM EFFECTS 


Like poor ecology, poor modeling can have a negative impact downstream on team members 
and project stakeholders. If you are choosing to use your model for sustainable design analysis, 
remember that the more accurate you are in your modeling, the more accurate your results 


will be. 


Conversely, a poorly assembled model will deliver inaccurate results. If you do not establish 
the proper materials in a daylighting model, for instance, you will not get the right reflectivity 
and therefore your daylighting study results will be inaccurate. If rooms and volumes are not 
established properly within the model, your energy performance calculations will be inaccu- 
rate. These faulty results may prompt you to make changes in your design that are incorrect 
or unnecessary. 


It is a good idea to establish early on in your modeling process which sustainable design 
analyses you will be performing based on your model geometry. It is much easier to set the 
model up for successful analysis when you begin than it is to go back and have to make 
significant changes to the model to perform analysis. 


Creating a Conceptual Mass 


To begin performing any kind of analysis, you first need a building design. In the previous 
chapter, we discussed how to make and schedule building massing using different 
methods. In this chapter, we're going to step through one more method of conceptual 
massing in order to generate building geometry and use that to understand the sustainable 
design tools. 
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You're first going to create an adaptive component. This type of family can be inserted into a 
mass to modify its shape, either by application of parameters or by being pushed and pulled in 
the view window. It will serve as a sort of skeleton, or rig, to drive the geometry in a more fluid 
way. In the twisting tower form exercise from the previous chapter, you used a simple square 
form that was tapered and twisted. In this chapter’s massing exercise, you will create a slightly 
more complex plan profile, but—more importantly—that profile will be dynamically controlled 
by four vertical splines instead of simply twisting the plan shape. 


Modeling an Adaptive Component 

The first thing you're going to create is an adaptive component family that will act as a 
diaphragm for designing the building shape. You'll then import this family into a mass and use 
the solid form tool to wrap a stack of these shapes. To get started, follow these steps: 


1. 


FIGURE 9.1 
Placing reference 
points 


From the Application menu, choose New > Family. Use the family template named 
Generic Model Adaptive.rftorMetric Generic Model Adaptive.rft. Switch 
to the Create tab and click Set in the Work Plane panel. In the view window, click the 3D 
level line to set the level as the active reference plane. The 3D Level line is the black line 
represented by a dash-dot pattern. It will look like a normal 2D level line but shown in 
the 3D view. If you prefer to see the active plane in which you will begin modeling, click 
the Show button in the Work Plane panel. 


. Switch to the Draw panel and select Reference and the Point Element tool. In the 


view window, create four points. These points aren't location-specific; just lay them 
out relative to Figure 9.1. Lay the points out starting at the upper left and moving 
clockwise. These will later coincide with the number of vertical elements that you'll 
create in the mass. 


Kv Model | F, c S GO z 
EN Reference rt i is * A < 
iP Plane Oy & > xel 
(a) a 





Click the Modify button, select all four points, and from the contextual tab in the ribbon, 
click the Make Adaptive tool. 


The points will become numbered in the order in which they were inserted, and each 
point will have its own reference planes (Figure 9.2). 
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FIGURE 9.2 
Making points 
adaptive 





4. From the Create tab click Reference; then choose the Line command. Make sure that 3D 
Snapping is enabled from the Options bar. Starting with point 1, connect all four of the 
reference points to form an enclosed shape (Figure 9.3). Click the Modify button in the 
ribbon or press the Esc key twice to quit the Line command. 


FIGURE 9.3 
Connecting the four 
adaptive points 





Now that you have all four points connected, forming a rhomboid, you will create 
a set of points to round one of the corners of the form. This rounded corner will be 
associated with a formula-based parameter so you can modify it within the mass to 
change its shape. 


5. On the Create tab in the ribbon, click Reference, and choose the Point Element command. 
Make sure you choose the Draw On Face option to the right of the Draw tools. Add two 
points on the reference lines to each side of one of the corners. We’ve added points near 
corner 3, as illustrated in Figure 9.4. 





FIGURE 9.4 
Adding points to the 
reference lines 
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USING POINTS IN REVIT 


There are several types of points in Revit, and it’s a good idea to know the differences. In this 
exercise, we lead you through the creation of a few point types. Here’s a list of the types and some 
of their uses: 


Reference Points These are points that identify a specific X, Y, Z location in the concep- 
tual design environment (adaptive components, conceptual masses, and the like). All refer- 
ence points can be tied to parameters. 


Driving Points ‘These are reference points that control the geometry of a dependent 
spline. When you select these points, they will allow you to manipulate them with 3D con- 
trols. In Revit, these points will appear larger on the screen to distinguish them from the 
other points. 


Hosted Points ‘These are reference points that exist on a spline, line, surface, or some 
other element. Visually, they appear as smaller than driving points. Hosted points can be 
used to drive the manipulation of geometry. 


Free Points ‘These are reference points that are simply placed on a reference plane. Free 
points will show 3D controls when selected and are movable on their reference plane. 


For your next step, you need to add a parameter to control the location of the points 
along the reference line. The property of the point called Normalized Curve Parameter 
is a ratio of the length of the host line expressed from 0.0 to 1.0. If you want to keep 

a point at the midpoint of a reference line, this property must always be 0.5. If you 
select a point and you don’t see this property, you might need to delete the point and 
try placing it again; this ensures that you select the Draw On Face option in the Draw 
panel of the ribbon. 


Start with the point closest to the corner between corners 3 and 4 (look ahead to 
Figure 9.7), and in the Properties palette locate the property named Normalized Curve 
Parameter. Click the small button to the right of the value field to pull up the Associate 
Family Parameter dialog box (Figure 9.5). 
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7. Click the Add Parameter button. This will open the Parameter Properties dialog box. 
Name the new parameter Rad_A1, and click OK to exit each of the dialog boxes. Choose 
the next point on that line and repeat this process, naming the point Rad_A2. 


8. On the Create tab, click the Family Types tool. In the Family Types dialog box, you'll see 
the two parameters you've created so far. You want to add a formula that will set point 
Al at half the distance between points 3 and A2. In the Formula box for Rad_A1 add the 
formula =Rad_A2/ 2 (Figure 9.6). Click OK to exit the dialog box. 















FIGURE 9.6 
Adding a family 
parameter to the = 
point Name: — : — : r 
Family Types 
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m 2 p 
Rad Al [0.132239 =Rad A2/2 0 Te, | 
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Parameters 


9. Repeat steps 6 and 7 with the points on the other line. For the other two points, select 
them as you did before and add the variables Rad_B1 and Rad_B2. The parameters 
should be associated with the points as shown in Figure 9.7. 
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FIGURE 9.7 
Parameters associated 
with points 





10. Open the Family Types dialog box again and set Rad_B2 equal to Rad_A2. For Rad_B1 
set the formula to read =Rad_B2/ 2. When you've finished, the Family Types dialog box 
should have four variables and three formulas, as shown in Figure 9.8. You can test the 
formulas by changing the numbers in the Value column and clicking Apply each time. 
You should see the points move up and down the host reference line. 


FIGURE 9.8 
Add formulas to 
control the point 
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DEPENDING ON How YoU PICK YOUR POINTS... 


Depending on how you drew your lines, you might need to reverse the direction the points are mea- 
sured from. If you're dragging these points and you're receiving the opposite effect, it is because the 
points are hosted to the opposite end of the line. You'll need to reverse this polarity. Select the points 
and change the Measure From value in the Properties palette from Beginning to End for both points 
along that line. You will need to reapply the family parameter after doing so. If you have to switch the 
beginning and end parameters and the formulas have been added, it is likely that the formulas will 
break when you switch the parameters. Therefore, we recommend you remove the formulas, switch the 
point parameter from End to Beginning, and then add the formulas back to their respective points. 
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11. With these points and formulas in place, you're going to add a few additional elements 
to create the curve. Add another reference line between the two middle points; be sure to 
select the 3D Snapping check box in the Options bar (Figure 9.9). 


FIGURE 9.9 

Add a reference line 
between the two 
middle points. 





12. Switch to the Point Element command in the Draw panel, and then add a point to the 
middle of the reference line you added in the previous step. 


13. In the Create tab, click Model and then select the Spline Through Points tool. Connect 
the farther point, Rad_A2, to the midpoint of the line to the point Rad_B2. The connected 
points should create an arc like the one shown in Figure 9.10. 


FIGURE 9.10 
Add the spline to 
connect the points. 
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14. Make sure Model is still selected in the Create tab and choose the Line tool. Connect the 
arc you just created to the other three points, completing the shape. The final form will 
look like Figure 9.11 with the reference lines turned off. 


FIGURE 9.11 
Adding model lines 
to connect the other 
points 





15. As the last step, you need to apply a surface. Select the model lines you just created either 
by using the Tab-select method or by selecting everything and then using the Filter tool 
to isolate Lines (Generic Model). From the contextual tab in the ribbon, choose Create 
Form > Solid Form. You'll be prompted with the option to create a solid or a plane. 
Choose the plane, which will be the option on the right (Figure 9.12). The result should 
look like the image to the right in the figure. 


FIGURE 9.12 
Creating a form out of 
the model lines 





(b) 
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Certification 
Objective 


work plane for the 
spline. 


At this point, you need to save the family for use in your mass. Save the family with the 
name c09-Adaptive-Rig.rfa. You can download the finished file from the Chapter 9 folder 
on this book’s web page, www. sybex.com/go/masteringrevitarch2016. 


Building the Massing Framework 


Now, you need to create a mass family into which you will load and place the adaptive 
component family. From the Application menu, choose New > Conceptual Mass. This will 
open the template-selection dialog box. Choose the Mass.rft or Metric Mass.rft file. The 
conceptual mass environment will mirror the adaptive component look and feel. You're going to 
use this to study forms for an office tower. 

The first steps in this exercise will show you how to add some 3D splines, to which each 
of the four reference points in the adaptive component family will attach. With the new mass 
family started, follow these steps: 


1. On the ViewCube® in the 3D view, click Front. In the Create tab of the ribbon, select 





Reference and choose the Spline tool. Before you place the point, set the Placement Plane 
drop-down on the Options bar to Reference Plane : Center (Front/Back), as shown in 
Figure 9.13. 

FIGURE 9.13 ~ 
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2. Draw one spline to the left and one to the right of the centerline (Figure 9.14). The shape of 
the spline isn’t important—keep it organic. To create a spline, you can click in the view as 
many times as you like, and then press the Esc key to stop sketching. 


3. Orbit the 3D view slightly, and then click Left or Right from the ViewCube. Start the 
Reference + Spline tools again and choose Reference Plane : Center (Left/Right) from the 
Options bar. Draw two more reference splines, one on either side of the centerline. 


CREATING A CONCEPTUAL MASS | 345 


FIGURE 9.14 

Draw two splines on 
either side of the work 
plane. 


4. Your next step is to join the splines with horizontal reference lines. This will allow you to 
establish some benchmarks for inserting the platform family you just created. For each of 
the sets of horizontal reference lines you create, you're going to insert another instance of 
the adaptive component family. To add the reference lines, you'll draw those in the Left/ 
Right plane to start. You want the reference lines to intersect both sets of points but to 
extend past them on both ends. The length of the reference line will determine how far 
the adaptive component can stretch. Start by drawing one at the base and extending it 
past both ends of the spline (Figure 9.15). Do the same for the Front/Back plane, making 
sure to remember to switch your placement plane. 


FIGURE 9.15 
Adding reference lines 





5. Select one of the upper corners of the ViewCube so the view rotates back into an 
axonometric view. Next, you're going to add points to the splines. Choose the Point 
Element tool and add a point to each of the splines near the intersections of the reference 
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lines you just drew; see Figure 9.16. It doesn’t have to be exact—once you get all the points 
in place you'll perform another step to connect the points to the intersection of the spline 
and reference line. Add four hosted points, one for each spline. 





FIGURE 9.16 
Adding points to the 
reference lines 





6. As we just mentioned, the next step is to attach the points to the reference lines. Select a 
point, and then choose Host Point By Intersection from the Options bar. Then choose the 
reference line, and the point will “jump” to the intersection of the spline and reference 
line, as shown in Figure 9.17. Do this for all four points. 


FIGURE 9.17 
Aligning the points 
and reference lines 





7. Now, you need to make several versions of this—points with intersecting liines—one 
set for each of your adaptive components. Open one of your elevations (it doesn’t matter 
which one) by selecting one of the elevation sides of the ViewCube. Draw a selection box 
starting on the left and going right over the ground plane so you encompass the levels, 
points, and lines you've been drawing. You'll have selected too much, but that’s okay. 
With everything selected, click the Filter tool in the contextual tab of the ribbon. In the 
Filter dialog box, uncheck Levels, Reference Points, and Reference Planes so that only 
Reference Lines is selected. Click OK to close the dialog box. 





8. With these items selected, you're going to make a few copies. In our example image 
(Figure 9.18) we’ve made three copies for a total of four elements. Choose the Copy tool 
from the Modify panel and copy these elements, spacing them relatively evenly. You'll 
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need to add points to each of these intersections. It’s a bit tedious, but it goes pretty 
quickly, and it will be good practice to remember the steps. Add the points on the splines 
and close the reference lines. Then select the points, choose Host By Intersection, and 
choose the reference line, as you did in step 6. When you've finished, you'll have an array 
of points and lines, as shown in Figure 9.18. 


FIGURE 9.18 
Creating several 
instances of the 
selection and adding 
points 





9. The mass is just about complete, and you're ready to load the cO9-Adaptive-Rig family 
into the project. Open the c09-Adaptive-Rig family file, or if the family is still open, 
choose the family from the Switch Windows button on the Quick Access toolbar. When 
you load an adaptive component into a family or project, it doesn’t respond quite like 
a normal component. The points you created need to be anchored to the points on the 
spline you created earlier. Load the platform family into the conceptual mass. Once it is 
loaded, one of the first things you'll notice is a small, gray version of your family floating 
around by your cursor (Figure 9.19). 


FIGURE 9.19 
Inserting the adaptive 
component into the 
mass 
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10. To anchor the family, select one of the points you inserted earlier in this chapter at the 
base of the splines. Work your way around all the points in the same plane in a clockwise 
fashion until you've selected all four points at the base of the spline (Figure 9.20). Notice 
how the curved section you added at point 3 isn’t touching the point on the vertical 
spline. 


FIGURE 9.20 
Anchoring the 
adaptive component 
to the mass 





11. Do the same for each of the vertical levels you added. Your mass should look like 
Figure 9.21. Make sure your first point on each level is on the same spline. This will 
ensure that all the curved sections at point 3 stack properly. When your platforms are 
fully inserted, you can grab any of the splines and push and pull it to see the platforms 
change shape. 


FIGURE 9.21 
Creating several 
instances of the 
selection and adding 
points 





12. 


13. 


14. 


15. 
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Before we create the solid form from these adaptive components, you will create a 
visibility toggle for the generic surfaces. This will allow you to turn them off in the 
project environment when you don’t need them. 


Select each of the adaptive components you have placed in the 3D view. Click the 

Filter tool in the contextual tab of the ribbon and make sure that only Generic Models 

is selected. Click OK to close the Filter dialog box. In the Properties palette, click the 
Associate Family Parameter button for the property named Visible. Click Add Parameter 
in the dialog box. 


In the Parameter Properties dialog box, set the Name of the new parameter as Show Rig 
and set the Group Parameter Under drop-down to Graphics. Click OK to close all open 
dialog boxes. 


Finally, to create the mass, select the surface for each of the rigs. This is a somewhat tricky 
operation. You'll need to hover the mouse pointer over the edge of a surface, press the Tab 
key slowly until you see Generic Models : c09-Adaptive-Rig : Face appear in the status bar 
at the bottom of the application window. Click to select the face. Then hover the mouse 
pointer over the next surface, and press the Tab key slowly as in the previous step. When 
you see the Face element in the status bar, press and hold the Ctrl key while clicking to 
select the next face. Repeat this process until all the faces are selected. 


With these faces selected, select Create Form > Solid Form from the contextual tab in 
the ribbon. Your completed mass will look like Figure 9.22. Remember to save the mass 
family for use in the next section of this chapter. 


FIGURE 9.22 
Creating several 


instances of the 
selection and adding 


points 
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You can modify this mass by moving any of the nodes on the four vertical splines. You can 
also select any of the Adaptive Rig elements and click Edit Type in the Properties palette. Change 
the values for any of the Rad parameters you created in the adaptive component, and the severity 
of the curved edge will be affected. This exercise was just one example of the almost limitless 
number of ways you can use parameters and components to drive conceptual geometry. We're 
going to use this mass family to explore conceptual energy analysis in the next section. 


Energy Modeling 


Understanding a building’s energy needs is paramount to helping the project become more 
sustainable. According to the U.S. Energy Information Administration (ww. eia.doe. gov), 

as of March 2015 buildings in the United States account for 30 percent of the world’s energy 
consumption and 60 percent of the world’s electricity use, making the United States the 
primary consumer of energy in the world (Figure 9.23). This reality should inspire you to build 
responsibly and to think about your design choices before you implement them. 


FIGURE 9.23 Transportation 
Energy use in the 
United States 
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76% 





U.S. Electrical Energy Consumption 


The energy needs of a building depend on a number of issues that are not simply related to 
leaving the lights on in a room that you are no longer using, turning down the heat, or increasing 
the air-conditioning. Many of the components and systems within a building affect its energy 
use. For instance, if you increase the size of the windows on the south facade, you allow in more 
natural light and lower your need for electric lighting. However, without proper sunshading, you 
are also letting in additional solar heat gain, so those larger windows are increasing your need 
for air-conditioning and potentially negating the energy savings from reduced lighting. 

In exploring the use of energy in a building, you must consider all energy-related issues, 
which is a good reason to use energy-simulation tools. These computer-based models use 
climate data coupled with building loads, such as the following: 


The heating, ventilation, and air-conditioning (HVAC) system 
Solar heat gain 

The number of occupants and their activity levels 
Sunshading devices 


Daylight dimming 


©% ©% >% >% 


Lighting levels 
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The energy model combines these factors to predict the building’s energy demands to help 
size the building’s HVAC system. It also combines the parameters of other components properly 
so you are not using a system larger than what you need, and you can understand the impact of 
your design on the environment. By keeping the energy model updated with the current design, 
you can begin to grasp how building massing, building envelopes, window locations, building 
orientation, and other parameters affect energy demands. 

There are two ways you can use Revit Architecture software for energy analysis—by 
analyzing mass forms directly in the model or by exporting a more detailed model to another 
application using the gbXML format. The gbXML file type is a standardized XML schema 
that is used for sustainable design analysis. For either choice, you must first have accurate 
location and true north settings. Once you have those established, you can approach either 
analysis with confidence. Let’s first take a look at the process for generating a conceptual 
energy analysis. 


Conceptual Energy Analysis 


A conceptual energy analysis (CEA) tool was added to Revit software as a Subscription 
Advantage Pack in 2009. This tool creates a link to the online analysis service known as the 
Autodesk® Green Building Studio® service (www. autodesk. com/greenbui ldingstudio). 
The analysis results will indicate such information as the life cycle and annual energy costs. 
In our opinion, it is wise to use the CEA tool only to determine which results are better or 
worse than others. If you convince your clients that these are the actual costs and they turn 
out to be too low when the building is constructed, will you be held responsible for the 
discrepancy? 

In the following exercise, you will load a conceptual mass into a template project to 
run a series of energy analyses. There are three basic tools for configuration, analysis, and 
comparison of results on the Analyze tab of the ribbon for both building elements and masses 
(Figure 9.24). 


FIGURE 9.24 
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NOTE ON GBS AND REVIT CEA TOOLS 


You will need an Autodesk Subscription account to access the Green Building Studio service and 
use the CEA tools. Not sure if you have a subscription account? Check with your BIM manager or 
local reseller; however, if you’ve purchased Revit on subscription, you'll have access to the tools. 
Another way to gain more limited access is to simply sign up for an Autodesk® 360 account. You 
can do that from the top-right portion of the Revit software using the Sign In button or by visiting 
http: //360.Autodesk.com. 
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Energy Analysis Setup 


Before you can run an analysis for either building elements or massing, you need to do a bit of 
configuration to give your analysis engine some parameters to run. You're going to use the mass 
you created, but you're going to insert that mass into an existing building model so you can run 
the analysis side by side. Let’s get started by comparing the two buildings (existing and mass) 
side by side. 

Open the c09-Analysis-Start.rvt or c09-Analysis-Start-Metric.rvt file. You can 
download the file from this book’s web page. Once the file is open, activate the Level 1 floor 
plan, and then load and insert the mass you made earlier in this chapter. You can also download 
the completed massing family from the web page (c09-Conceptual-Mass-Finished.r fa). 
Position the mass in the center of the plan view. 

To begin the configuration of the energy analysis settings, follow these steps: 


1. Activate the default 3D view, and in the view control bar, set Visual Style to Shaded and 
turn Shadows on. Select the massing form, and from the Properties palette click Edit 
Type. Deselect the Show Rig property and then click Apply. This will turn off the generic 
model faces from the adaptive component you used to build the massing form. Click OK 
to close the dialog box. 


2. Activate the South elevation view. Use the Copy or Array tool to create several new 
levels that span the height of your massing family (Figure 9.25). Make the levels above 
Level 2 evenly spaced at 15-0” (4 m) each. Select the massing family again and from the 
contextual tab in the ribbon, click Mass Floors. Select all the levels in the dialog box and 
then click OK. 


FIGURE 9.25 
Create levels 
and mass 
floors. 
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N 3. On the Analyze tab, click Energy Settings. The Energy Settings dialog box is shown in 
& Figure 9.26. We're going to work our way down this dialog box, making sure you have 
Energy the settings correct. The first setting is Building Type. For the sake of our exercise, change 
this setting to Office. 





FIGURE 9.26 
The Energy Settings 
dialog box 
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4. The next step is to establish the correct location of your project. Click the selection button 
to the right of the Location parameter to open the Location Weather And Site dialog box 
(Figure 9.27). Type Kansas City, MO, USA in the Project Address field and click Search. 
Click one of the closest weather stations (shown by the pin icons) in the list or directly on 
the map. You're welcome to use your own location instead in this exercise. Finally, choose 
Use Daylight Savings Time if that is appropriate for your location and time of year. When 
you've made a Selection, click OK to close the dialog box. 
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FIGURE 9.27 
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Set Ground Plane to Level 1. 


You'll notice a lot of options in the Energy Settings dialog box—some of them quite 
complex. To complete the rest of the dialog box, we're going to step through each of the 
sections. So far, we’ve completed the first set of parameters in the Common group. 


Let’s walk through the settings in the Detailed Model group: 


Export Category Your option here is either Rooms or Spaces. If you’re working from an 
architectural model, chances are you're using Rooms. If this were a MEP model or you 
were linking in information from an MEP consultant, you'd want to use Spaces. For our 
exercise, leave it set to Rooms. 


Export Complexity There are five different levels of complexity that you can export 
your building model to. The least complex is a Simple model, and the complexity grows 
to include shading, surfaces, and mullions. To use the more complex features, you'll need 
to have that content available in the model, and it will take more time to render a result. 
Leave the default setting of Simple With Shading Surfaces. 


Include Thermal Properties This check box will include the thermal properties of 
materials you have in your building design. In the Materials dialog box, you have the 
ability to add thermal values (R and U values) to the materials used for modeled elements 
such as walls, windows, and roofs. For this exercise, we are analyzing only conceptual 
massing, so deselect the check box. 


Project Phase This is the phase the analysis will be run against. Keep the default 
setting of New Construction. 


Constructions 
allow you to test 
assumptions about 
massing forms. 
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Sliver Space Tolerance This setting specifies the gap between spaces or rooms that is 
acceptable for the analysis. Leave the default setting of 1-0” (300 mm). 


Building Envelope This setting is used only for analyzing building elements—not 
conceptual massing. The options are to use the Function parameter of walls to determine 
if it is set to Exterior or to identify the walls dynamically using ray-trace and flood- 
mapping calculation methods. 


Analytical Grid Cell Size Used with the Building Envelope setting, this dimension sets 
the specificity of the calculation method to determine the exterior walls. The smaller the 
value, the longer the calculation will take. 


The next group of settings comprises the Energy Model parameters. These settings deal 
with more complex energy model parameters and usually require some input from your 
mechanical consultant. We'll explain the parameters here, but for this section plan to 
keep the default values of our exercise. 


Analysis Mode This setting allows you to decide what type of elements you wish to 
use for your analysis. There are three options: Use Building Elements, Use Conceptual 
Masses, and Use Conceptual Masses And Building Elements. Depending on the phase of 
your design, you'll need to decide which of these configurations to use. For our massing 
analysis, choose Use Conceptual Masses. 


Analytical Space Resolution and Analytical Surface Resolution These numbers 
dictate the tolerances for Revit to resolve the spaces and surfaces within the model. For 
our uses, keep the default values. 


Core Offset This is the distance the building core is offset from the perimeter. If you 
have an assumption for this distance in the early design phases of your project, you can 
define it here. For this example, use 15’ (4.5 m). 


Divide Perimeter Zones When this setting is enabled (the default), zones are 
automatically defined around the perimeter of the massing form. If you prefer to 

create your own zones, disable this setting and set the Core Offset value to 0. Then create 
more detailed mass forms and use the Cut Geometry tool to combine overlapping forms. 


Conceptual Constructions The Conceptual Constructions button allows you to edit the 
assumed values of building elements for the mass form, as shown in Figure 9.28. 
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Target Percentage Glazing When you click the Show Energy Model button, you will 
see the Target Percentage Glazing value illustrated as solid and semi-transparent regions 
on the vertical exterior surfaces of the massing form (Figure 9.29). This value sets the 
assumed amount of glazing as a percentage of the overall wall area. 


FIGURE 9.29 
Assumptions for 
glazing are illustrated 
on exterior surfaces of 
the massing form at 
the default of 40%. 





Target Sill Height This is the height of the sill for glazing to begin on each floor. 


Glazing Is Shaded Select this check box if you intend to design sunshading for the glazing. 
This does not differentiate by building orientation, so if you check the box, conceptual 
shading elements will be added to the glazing assumptions on all sides (Figure 9.30). 


FIGURE 9.30 
Conceptual shading 
elements are added 
to all sides of the 
massing form. 





Shade Depth When the Glazing Is Shaded option is checked, you can assign a depth to 
any assumed sunshading. 


Target Percentage Skylights Like Target Percent Glazing, this value assumes an 
amount of skylighting for your model. 


Skylight Width & Depth This value sets the size for skylights if you are using that value. 
8. The last grouping in this dialog box is Energy Model — Building Services. Like the previous 


set of values, these require a bit of advanced knowledge of the building operation cycle and 
some assumptions about your HVAC system. For our example, leave the default values. 
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Building Operation Schedule How often will your building be occupied? Will it have 
people in it 24/7, or will it be operational only during office hours? This can have a large 
impact on your heating and cooling cycles. 


HVAC System Here you can set a conceptual HVAC system. That could be a four-pipe 
system, underfloor air distribution, or a variety of other HVAC system types. 


Outdoor Air Information If you know how many air exchanges you'll be required to 
produce per hour, you can set that value here. 


9. Once those values are set, click OK to exit the dialog box. 


Remember that this type of analysis is based on assumptions only and uses the 

overall size, location, and orientation of your proposed design. After you start analyzing 
the results, you can examine different massing configurations with the same construction 
and systems assumptions or varied assumptions on the same massing configuration. 


Running Energy Analysis Simulations 


After you have established some baseline settings and assumptions for an energy analysis, it’s 
time to begin running simulations. These types of simulation are run from 3D views, so you 
might notice that the Run Energy Simulation button is grayed out if you are working in a 2D 
view such as a plan or elevation. This view-specific behavior also gives you the ability to create 
design options for your massing studies, for which you will be able to compare the results. We 
cover design options in Chapter 10, “Working with Phasing, Groups, and Design Options.” 

Let’s continue the conceptual energy analysis exercise by running some simulations. Follow 
these steps: 


1. Click the Run Energy Simulation button on the ribbon to start the analysis. If you haven't 
logged into A360, you'll be asked to sign in. Next, you'll get a dialog box asking you to 
name your new simulation. We’ve filled this in with some project-specific values, but you 
can name this whatever you'd like (Figure 9.31). You will need an Internet connection and 
an Autodesk Subscription account to run energy simulations. Once you click Continue, 
Revit will begin uploading your energy data. 
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2. 


FIGURE 9.32 
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In the Run Energy Simulation dialog box, name this analysis Baseline_SouthCurve and 
click to run your initial analysis. The software will start to communicate with the Green 
Building Studio service. Click Continue. This will take a few minutes to run. Your model 
data will be sent off to their cloud for processing and allow you to continue working 
while the analysis is being performed. 


Click the Results & Compare button on the ribbon to view the progress of the upload. If 
you don't have the Results And Compare dialog box open, an alert will appear in the lower- 
right portion of the application window, informing you that the analysis is complete. Once 
it is complete, you will see the run listed under the name of the model you are analyzing, as 
shown in Figure 9.32. You can scroll through the list of analyses that are provided. 
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You can scroll through the results and get a basic understanding of the building loads 
(Figure 9.33). One of the great uses for this tool isn’t looking at the actual reported data 
but using it as a comparative analysis. If you make changes to the building form, size, or 
orientation, how does that change your performance? 


FIGURE 9.33 
Sample results 
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Monthly Heating Load 
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4. Activate the plan view named Site from the Project Browser. Select the massing family 
and select the Rotate tool from the contextual tab in the ribbon. Rotate the mass so that 


the curved face is oriented South (90 


Energy Simulation button, and then 


degrees counterclockwise). 


Return to the default 3D view and switch to the Analyze tab in the ribbon. Click the Run 


enter a new name in the Run Name field. Select the 


Use Existing radio button, and choose your project name from the drop-down list, as 


shown in Figure 9.34. 


Now let’s make some adjustments to 
rerun the results: 
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6. Go back to the main application window and click the Energy Settings button on the ribbon. 
Select the Glazing Is Shaded check box and set the Shade Depth value to 2’-0” (600 mm). 


7. Click the Conceptual Constructions Edit button and change the Mass Glazing setting 
to Double Pane Clear - High Performance, LowE, High Tvis, Low SHGC. Click OK to 
close both dialog boxes. 


8. Click the Run Energy Simulation button again, name this run Shading + HighPerfGlass, 
and choose to use the existing model. 


9. After the run has completed, return to the Results And Compare window, press and hold 
the Ctrl key, and select both the Baseline_SouthCurve and Shading + HighPerfGlass runs. 
Click the Compare button. 


You will see the results of the two analyses runs side by side. Notice that the second run has 
a lower monthly electricity consumption and lower fuel consumption. Be careful when reading 
the graphs, because the values in each graph may be different. Take a look at the Monthly 
Cooling Load graphs. Notice that the values for Window Solar are lower for the second run; 
however, the values for Light Fixtures are slightly higher. This is due to the addition of the 
shading, which requires more electric lighting power. 


ED Real World Scenario 


MAKING MORE INFORMED DECISIONS 


We have seen so many projects in which design forms were arbitrarily created and presented to 
clients—only to have them choose the option that looked the most compelling. Cost of construc- 
tion may come into play for a more complex design against a simpler solution. But what about how 
each of the design solutions will perform after construction? 


Using the conceptual energy analysis tools has allowed our teams not only to present various 
design ideas to clients but to accompany the forms with performance characteristics as well. One 
design may cost more to construct but is projected to perform better in terms of heating loads in 
the winter. We frequently use selected graphs and comparisons from the Results And Compare 
reports in our early design phase presentations to clients. This enhanced information increases 
stakeholder confidence in making key decisions when they are most appropriate to drive value in 
the design and construction process. 


Refining the Conceptual Analysis 


In these initial analysis runs, we used and edited the default settings; however, these settings 
are applied to the whole building form. What if you want to refine your studies to examine 
more specific design assumptions? In the following exercise, you will continue to examine the 
conceptual tower mass, but you will select and modify individual faces of the geometry so they 
no longer follow the overall assumptions established in the Energy Settings dialog box. 

Continue with the c09-Analysis-Start or c09-Analysis-Metric project, and follow 
these steps: 


1. Activate the default 3D view and orbit the view so the two flat vertical faces of the mass 
family are shown in the view. 
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Because there are so many intricate parts to a massing form that has been enabled as an 
energy model, there are a few tricks to selecting the most appropriate objects. Follow 
the next steps carefully or you may be confused by settings and properties that appear 
differently than those illustrated here. 


2. In the Select flyout menu below the Modify button, make sure that Select Elements By 
Face is checked. On the Massing & Site tab, set the Show Mass Surface Types flyout 
button to Show Mass Surface Types, as shown in Figure 9.35. 
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FIGURE 9.35 
Use an alternate Show 
Mass setting. 






| 

| 

| 

B 

l 
Show Mass Surface Types 

| 

P 


i ) Show Mass Zones and Shades | 


3. Hover the mouse cursor over an opaque part of the exterior surface of the mass form. 
Press the Tab key slowly until you see the element in the status bar that ends with “Shape 
Handle” and then click to select it. The surface you should be selecting is the Mass 
Exterior Wall, as indicated in the Properties palette (Figure 9.36). 
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In the Properties palette, under the Energy Model settings, set the Values property to 
<By Surface>. Then set the following values: 


@ Target Percentage Glazing: 60% 
@ Glazing Is Shaded: Unchecked 


Repeat steps 3 and 4 for all the Mass Exterior Wall surfaces on the two flat sides of the 
massing form. 


Because these surfaces are oriented toward the north, we may be able to avoid the cost 
of the sunshades and increase the glazing area to allow more natural light into the 
interior spaces for a possible reduction in artificial lighting costs without increasing 
solar heat gain. 


From the Analyze tab, click Run Energy Simulation. Set the Run Name to North Faces 
Refined, and be sure to select the Use Existing radio button and choose your existing 
project from the drop-down list. 


When the simulation is complete, click the Results & Compare button in the Analyze 
tab of the ribbon. In the Results And Compare dialog box, select both the North Faces 
Refined and Shading + HighPerfGlass runs, and then click Compare. 


Examining the results in these two examples may reveal some interesting comparisons. 

It seems that the overall energy use intensity (EUI) and carbon emission are estimated to be 
higher with the refined model than the previous run that included sun shading and high- 
performance glazing on the entire exterior enclosure (Figure 9.37). By increasing the percentage 
of glazing on the northern faces, we may be increasing the amount of natural light, but we are 
also increasing the surface area of a less-efficient enclosure material. As a result, the winter 
heating load increases. 
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As a final exercise to examine methods for refining your conceptual analysis model, we 
will add an extruded in-place mass that will represent a slightly more accurate depiction of a 
building core. As we mentioned earlier in this chapter, the Divide Perimeter Zones option in the 
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Energy Settings dialog box is checked by default. This setting creates a simulated zone that is 
offset from the exterior face of the massing form (Figure 9.38). If the exterior faces of the massing 
form are irregularly shaped, the simulated core will be irregularly shaped as well. 


FIGURE 9.38 
Default perimeter 
zones 





Let’s create a slightly more accurate representation of our building core with a quick exercise. 
We will continue to use the c09-Analysis-Start or c09-Analysis-Start-Metric file. To 
get started, follow these steps: 


1. From the Analyze tab in the ribbon, click to deselect the Show Energy Model setting. 
You should see the massing form as you did at the beginning of the exercises in this 
chapter. 


2. Switch to the Massing & Site tab and click In-Place Mass. Name the new mass Building 
Core and then click OK to continue. 


3. Orient the default 3D view to a plan view. You can do this by clicking Top on the 
ViewCube. In the Create tab of the ribbon, choose Reference, the Rectangle drawing tool, 
and the Draw On Work Plane setting. Make sure that Level 1 is specified as the Placement 
Plane in the Options bar. 


4. Draw a rectangle next to the tower massing form, as shown in Figure 9.39. The exact size 
is not important for the purpose of this exercise. We just want it to fit completely inside 
the tower massing form after we extrude the shape. 
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FIGURE 9.39 

Sketch a rectangular 
shape outside the 
massing form. 





5. Orbit the 3D view back to an orthogonal projection. Click the Modify button in the 
ribbon (or press the Esc key), and select the rectangular sketch. From the contextual tab 
in the ribbon, select Create Form > Solid Form and then choose the In Context option to 
generate a solid extrusion. 


6. Select the top surface of the extrusion and use the shape arrow to drag the extrusion to be 
as tall as the tower massing form, as shown in Figure 9.40. 


7. Click Finish Mass in the ribbon, and then select the mass you just created. Click the Mass 
Floors tool in the ribbon, and select all the levels in the Mass Floors dialog box. 


Do MASSING FORMS NEED FLOORS? 


If massing forms have no mass floors assigned to them, they will be treated as shading objects. 
Because of this fact, you can use massing to model existing buildings around your proposed 
building. Without mass floors, the other masses will cast analytical shadows on those masses 
with mass floors. 


If you join massing forms together, the element without mass floors will be considered as an outside 
space. When you enable the energy model, you will see exterior walls and glazing assumptions 
assigned to these internal joined faces. 


8. In the 3D view, click Top on the ViewCube. Select the extruded building core mass and 
move it within the tower massing form, as shown in Figure 9.41. 
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FIGURE 9.40 
Make the extrusion as 
tall as the tower form. 
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FIGURE 9.41 
Move the core mass 
into the tower form. 
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9. On the Modify tab in the ribbon, click the Join Geometry (or Join) tool. First, choose the 
core massing form, and then choose the tower massing form. The order of picking is 
important. If you pick the tower first and then the core, the core mass will disappear. 


10. Orbit the 3D view and you should see the extruded form extending the entire height of 
the tower form, as shown in Figure 9.42. 


FIGURE 9.42 

‘The core mass is now 
joined with the tower 
mass. 





11. Inthe Analyze tab in the ribbon, click Energy Settings. Uncheck the Divide Perimeter 
Zones option and set the Core Offset value to 0 (zero). Click OK to close this dialog 
box, and then click Show Energy Model. You will see that the perimeter zones are now 
defined by the core mass extrusion instead of a default offset from the exterior face of the 
tower massing form (Figure 9.43). 
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FIGURE 9.43 

The energy model 
is enabled with the 
massing core. 





You can now run additional simulations and compare the results to those from our earlier 
exercises. Subtle differences may be identified in terms of the amount of heating and cooling 
because of a more accurate representation of the perimeter spaces. 

As you can see, generating a sustainable design for your projects is a process of testing a 
variety of options and comparing the results. We have shown you a simple example to make you 
familiar with the basic process. It is up to you to explore these options further in the context of 
your own designs. 


Detailed Energy Modeling 

Later in the design process, you may want to use your building elements to perform more detailed 
energy modeling. For this process to be successful, you first need a solid, well-built model. This 
does not mean you need to have all the materials and details figured out, but you do have to 
establish some basic conditions. To ensure that your model is correctly constructed to work with 
an energy-modeling application, there are a few things you need to do within the model to get the 
proper results. Some of this might sound like common sense, but it is important to ensure that you 
have the following elements properly modeled or you may have incorrect results: 


@ The model must have roofs and floors. 
@ Walls inside and outside need to touch the roofs and floors. 


@ Allareas within the analysis should be bound by building geometry (no unbound 
building geometry allowed). 


To perform an energy analysis, you need to take portions of the model and export them using 
ebXML to an energy-analysis application. The following are the energy-modeling applications 
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commonly used within the design industry. They vary in price, ease of use, and interoperability 
with a gbXML model. Choosing the correct application for your office or workflow will depend 
on a balance of those variables. 


IES VE_ IES VE (www. iesve.com) is a robust energy-analysis tool that offers a high degree of 
accuracy and interoperability with a design model. The application can run the whole gamut 
of building environmental analysis, from energy and daylighting to computational fluid 
dynamics (CFDs) used to study airflow for mechanical systems. Cons to this application are 
its current complexity for the user and the relatively expensive cost of the tool suite. 


Autodesk® Ecotect® Analysis Software This application (ww. autodesk.com/ecotect- 
analysis) has a great graphical interface and is easy to use and operate. The creators of 

this application also have a number of other tools, including a daylighting and weather 

tool. Although the program is easy to use, it can be challenging to import model geometry 
depending on what application you are using for your design model. For example, SketchUp 
and Vectorworks can import directly, whereas applications like Revit can be more of a 
challenge. 


eQuest The name stands for the Quick Energy Simulation Tool (ww.doe2.com/equest). 
This application is a free tool created by the Lawrence Berkeley National Laboratory (LBNL). 
It’s robust and contains a series of wizards to help you define your energy parameters 

for a building. As with Ecotect, it can be a challenge to import a design model smoothly 
depending on the complexity of the design, although it will directly import SketchUp models 
by using a free plug-in. 


Exporting to gbXML 

Before you can export the model to gb>XML and run your energy analysis, you need to create 
several settings so you can export the proper information. The order in which these options are 
set isn’t important, but it is important to check that they are set before exporting to gbXML. If 
the information within the model is not properly created, the results of the energy analysis will 
be incorrect. 


PROJECT LOCATION 


As we mentioned earlier in this chapter, the physical location of the project on the globe is an 
important factor in energy use analysis. You can give your building a location in a couple of 
ways. One is to choose the Manage tab and click the Location button. Another way to get to this 
same dialog box is through the Graphic Display Options dialog box you used for sunshading 
earlier in this chapter. 


BUILDING ENVELOPE 


Although this might seem obvious in concept, you cannot run an accurate energy analysis on 
a building without walls. Although the specific wall or roof composition won't be taken into 
account, each room needs to be bound by a wall, floor, or roof. These elements are critical in 
creating the gbXML file and defining the spaces or rooms within the building. These spaces 
can in turn be defined as different activity zones in the energy-analysis application. Before you 
export, verify that you have a building envelope free of unwanted openings. This means all 
your walls meet floors and roofs and there are no “holes” in the building (Figure 9.44). 
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FIGURE 9.44 

Make sure your 
building envelope is 
fully enclosed. 





ROOMS AND VOLUMES 


When you export to a gbXML file, you are actually exporting the room volumes because they 
are constrained by the building geometry. This is what will define the zones within the energy- 
analysis application. You will need to verify several things to make sure your rooms and room 
volumes are properly configured: 


Ensure that all spaces have aroom element. Each area within the model that will be 
affected by the mechanical system will need to have a room element added to it. To add 
rooms, select the Room tool from the Architecture tab. 


Set room heights. Once all the rooms are placed, each room’s properties should be 
redefined to reflect its height. The height of the room should extend to the bottom of the room 
above (in a multistory building), or if it is the top floor or only floor of a building, the room 
must fully extend through the roof plane. When you extend the room through the roof plane, 
the software will use the Roof geometry to limit the height of the room element and conform 
it to the bottom of the roof. Rooms should never overlap either in plan (horizontally) or 
vertically (between floors) because this will give you inaccurate results. 


An easy way to set the room heights is to open each level and select everything. Using the 
Filter tool (Figure 9.45), you can deselect all the elements and choose to keep only the rooms 
selected. In this way, you can edit all the rooms on a given floor at one time. 


FIGURE 9.45 
Use the Filter tool to 
select only the rooms. 
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Once the rooms are selected, go to the Properties palette and modify the room heights. By 
default, rooms are inserted at 8’-0” high, and the default for metric projects is 4m. You have 
the option to set a room height directly, or you can modify the room height settings to go to 
the bottom of the floor above. This second option is shown in Figure 9.46. Note that you'll 
need to set Upper Limit to the floor above and set the Limit Offset value to 0 (zero). Repeat 
this same workflow for every floor of the building. 


FIGURE 9.46 
Modifying the room 
height 
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Turn on room volumes. Now that all the heights are defined, you have to tell the 
application to calculate the volumes of the spaces. By default, Revit does not perform 

this calculation. Depending on the size of your file, leaving this setting on can hinder 
performance. Make sure that after you export to gbXML, you return to the Area And 
Volume Computations dialog box from the Room & Area panel on the Architecture tab and 
change the setting back to Areas Only. 


To turn on room volumes, select the flyout menu from the Room & Area panel on the 
Architecture tab (Figure 9.47) and click Area And Volume Computations. 
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Doing so opens the Area And Volume Computations dialog box. There are a couple of simple 
settings here that will allow you to activate the volume calculations (Figure 9.48). You'll want 
to select the Areas And Volumes radio button on the Computations tab so that the software 
will calculate in the vertical dimension as well as the horizontal for your room elements. 


FIGURE 9.48 
Enabling volume 


calculations for rooms Computations | Area Schemes | 


Volume Computations 


Volumes are computed at finish faces. 
Areas only (faster) 


ia) Areas and Volumes 


Room Area Computation 
(@) At wall finish 
At wall center 
At wall core layer 


At wall core center 





The Room Area Computation setting tells Revit from where in the wall to calculate rooms. 

If you choose At Wall Finish, the software will not calculate any of the space a wall actually 
takes up with the model. Arguably, this is also conditioned space. Technically, what you 
would want is to calculate from the wall centers on interior partitions and the interior face of 
walls on exterior walls. However, you do not have that option, so choose to calculate from At 
Wall Center. Once you’ve modified those settings, click OK. 


EXPORTING TO gbXML 


Now that you have all the room settings in place, you're ready to export to gbXML. To start 

this process, click the Application menu and select Export > gbXML. If this step opens the 
Space Volumes Not Computed warning, be sure to select Yes. This will enable Revit to calculate 
volumes instead of just areas. Once you do that, a dialog box like the one in Figure 9.49 will 
open, allowing you to refine your settings for a gb>XML export. 
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FIGURE 9.49 
Exporting gbXML 
settings 
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There are a few things to take note of in this dialog box. First, you'll see a 3D image of the 
building showing all the room volumes that are bound by the exterior building geometry. You 
can see in our building visualization that the boundary for the building is not completely full 
of room elements and that some of the room elements do not visually extend to the floor above. 
This would be your first clue that all your rooms do not have room elements placed or set 
properly, and you'll want to dismiss this dialog box to change those settings. 

Certina on Second, you'll notice the ViewCube feature at the upper right of the 3D view window. This 
Objective window will respond to all the same commands that a default 3D view will, directly in the Revit 
interface, allowing you to turn, pan, and zoom the visualization. 

There are also two tabs on the right of this dialog box. The General tab contains general 
information about your building (building type, location, ground plane, and project phase), and 
you'll want to verify that it is filled out properly. These settings will help determine the building 
use type (for conceptual-level energy modeling) and the location of your building in the world. 
There are two other settings that you'll need to be aware of: Sliver Space Tolerance and Export 
Complexity. Sliver Space Tolerance will help take into account that you might not have fully 
buttoned up your Revit building geometry. This will allow you a gap of up to a foot, and the 
software will assume that those gaps (12”/300 mm or less) are not meant to be there. The Export 
Complexity setting allows you to modify the complexity of the gb>XML export. You have several 
choices (Figure 9.50) based on the complexity of your model and the export. These are identical 
to the ones found in the Energy Settings dialog box. 


FIGURE 9.50 
Exporting complexity 
settings 
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The Details tab will give you a room-by-room breakdown of all the room elements that 
will be exported in the gb>XML model. Figure 9.51 shows the expanded Details tab. This is an 
important place to check because, as you'll also notice, this dialog box will report errors or 


warnings with those room elements. 
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If you expand any of the levels and select a room, clicking the warning triangle will give 
you a list of the errors and warnings associated with that room. You'll want to make sure your 
ebXML export is free of any errors or warnings before completing the export. 

Once you're ready to finish the export, click Next. This will give you the standard Save 
As dialog box, allowing you to locate and name your gbXML file. Depending on the size and 
complexity of your building, a g>XML export can take several minutes and the resulting file size 


can be tens of megabytes. 
You're now ready to import the gbXML file into your energy analysis application to begin 


computing your energy loads. 
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The Bottom Line 


Embrace energy analysis concepts. Understanding the concepts behind sustainable design 
is an important part of being able to perform analysis within the Revit model and a critical 
factor in today’s design environment. 


Master It What are four key methods for a holistic sustainable design? 


Create a conceptual mass. Understand ways to generate building forms quickly and easily 
to explore a variety of shapes and orientations. 


Master It Describe how you can use families to quickly generate form. 


Analyze your model for energy performance. Being able to predict a building’s energy 
performance is a necessary part of designing sustainably. Although Revit doesn’t have 

an energy-modeling application built into it, it does have interoperability with many 
applications that have that functionality. 


Master It Explain the steps you need to take to get a Revit model ready for energy 
analysis. 


run 
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Working with Phasing, Groups, 
and Design Options 


Projects will progress through various stages during design and construction. As a result, it’s 
sometimes necessary to distinguish the element of time within your project: when something is 
created, if it is demolished, and what it will look like when the project is complete. Beyond just 
phasing, design is also about maintaining relationships between repetitive elements. Sometimes 
this repetitive element can be a single component in your project, such as a light or a piece of 
furniture. But it can also be an entire collection of elements, such as a typical room in a hotel or 
hospital. 


Another fundamental aspect of design is the iteration of options. You have to be able to see 
many ideas simultaneously and in context with other ideas. The client and contractor need to 
see options and alternates. It’s important that these options not be fully independent, separate 
files so that the results can be analyzed and compared. 

This chapter focuses on these three concepts: time, repetition, and iteration of options. In 
Autodesk® Revit® Architecture software, they’re addressed with phasing, groups, and design 
options, respectively. 

In this chapter, you'll learn to: 


@ Use the Phasing tools to create, demolish, and propose a new design 
@ Understand and utilize groups 


@ Create and use design options 


Using Phasing 

Phasing is the software’s method of allowing you to add the element of time to objects in your 
project. It’s easy to think of an architectural design in terms of what something is, where 
something is, and how it will be assembled. Phasing adds the dimension of when something is, 
which is incredibly useful and powerful. 

Phases are most useful for doing the kinds of tasks that require you to show when elements 
are being introduced into your design: showing demolition and new construction in an existing 
building, or showing different drawing packages as examples. But a few words of caution and 
clarification: We don’t recommend using extensive phasing to simulate construction sequencing, 
which is sometimes referred to as 4D. It might seem like a great idea at first, but ultimately it 
will degrade the performance of your model and lead to confusion across your project team. 
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There’s a far more efficient method of simulating construction sequences that allows model 
elements to be scheduled, viewed, and even color-coded based on the sequence value that you 
define: project parameters. 

By using project parameters, you're able to create and assign an instance parameter value 
to everything in your project that you'd want to assign a construction sequence, as shown in 
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Once you've created this instance parameter, you'll be able to create view filters that override 
the default display style of an object based on the parameter value, as shown in Figure 10.2. Each 
construction week value is assigned to a filter rule. 


FIGURE 10.2 
Developing filters by 
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Combined with visibility and graphic overrides, you're able to create a filter that modifies the 
graphics based on a parameter, as shown in Figure 10.3. 


FIGURE 10.3 
Applying filters to 
graphic override 
settings 
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As a result of applying parameter-based filters, you will be able to modify the graphics of 
a view to illustrate some metadata about the objects in a far more flexible and predictable way 
than the phasing functionality, as shown in Figure 10.4. Another benefit is that this technique 
is not limited to views of geometry. View filters can be applied to any view, including 
schedules, which will allow you to group and filter schedules based on your unique project 
parameter. 


FIGURE 10.4 

Using parameters 
and view filters to 
override graphics 





Now that you understand a better way to create sequencing in Revit using parameters and 
filters, we’ll discuss how phasing is best used. To work along with the steps in the following 
section, download and open the file cl10-Phases-Start.rvt from this book’s web page at 
www. sybex.com/go/masteringrevitarch2016. 
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What Can You Phase? 


All modeled elements in Revit have two parameters associated with phasing: Phase Created 
and Phase Demolished. When you place geometry in a view, the Phase Created property by 
default is the phase assigned to that view. For example, if your view is set to Phase Existing, all 
elements you place in that view will automatically be assigned to the Existing phase. After an 
element is placed in the project, the phase can always be changed in the Properties palette, as 
shown in Figure 10.5. 


FIGURE 10.5 
Changing the phase 
of geometry (near the 
bottom of the dialog | 
box) 







Generic - 8" 


=— — Basic Wall | 
[ses | YI 


Ce) Edit Type 


i i 





Room Bounding 
| Related to Mass 





Structural a 
| Structural [F] 
Enable Analytical Model 
| Structural Usage | Non-bearing 
esa ae 
Length 12' 6 
| Area 243.33 SF 
Volume 162.22 CF 
eens ana E : 
I a ec 
| Mark 
| Phang” para aaa 
| Phase Created 
| Phase Demolished . None 
Properties help Apply 








Properties | Project Browser - Project! | Browser - Projectl 


Rooms also have phasing properties, but there is an important difference: The Phase 
property of a room cannot be changed after it is placed. As shown in Figure 10.6, the phase is 
shown in the Properties palette, but it is read only. If you want to change the phase of a room, 
you'll need to delete and re-create the room in a view that is assigned the desired phase. You 
also might find it faster to press Ctrl+X to cut the rooms from one view and then press Ctrl+V to 
paste them into a view that has been set to the desired phase. 


FIGURE 10.6 

The phase of a room 
may not be changed 
after placement. 


Unbounded Height 10' 0’ 
Eagna a aani Bico pennant 
~ Computation Height Cs 
Identity Data fe 
„Number eet 





Name Room 


Comments 
Occupancy 
Department 


p e iiaa piki m VENER E 


Ceiling Finish 
Wall Finish 
Floor Finish 
oer bee et 


Phasing Tae aia x 


Phase i New Construction 


Properties help 


Properties | Project Browser - Projecti 





» 


USING PHASING| 379 

















The phase of an element when initially placed is often confusing to a new user, but it is quite 
simple: The phase of the view that you're placing the element into determines the element’s 
phase, as shown in Figure 10.7. This is more critical for rooms than for building elements 
because the phase of a building element can be changed after placement. But there may be 
occasions when you're placing many elements that you intend to be in a particular phase, and 
you'll want to create a view with that phase active. This will allow you to place elements in that 
view and not worry about changing their phase later. 


Implementing Phase Settings 


Applying the notion of time to your project may seem complicated, but it is quite simple to 
implement. You need to understand three basic aspects about the settings related to phasing: 


@ What are the major phases of your project? 


@ How will you use the phasing properties to filter views within your project 


documentation? 


@ What is the graphic convention to convey an object’s phase? 
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FIGURE 10.7 
Changing the phase of 
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These aspects are expressed in the three tabs of the Phasing dialog box. On the Manage tab 
of the ribbon, click the Phasing button to open the Phasing dialog box, shown in Figure 10.8. 





FIGURE 10.8 


——— The Phasing dialog 
Phasing pox 

















USING PHASING; 381 


APPLYING PROJECT PHASES 


In the most common of phased projects, you'll have views to illustrate Existing, Demolition, 
and New Construction conditions. On more complex projects, you might have several stages of 
new construction as you build out larger facilities. Because this dialog box shows only Existing 
and New Construction, new users will mistakenly create a new phase for Demolition. As we'll 
demonstrate later, demolished elements are represented with phase filters, not as a dedicated 
project phase. 

So, when do you need to create more than the phases shown by default? As one example, 
think of a staged construction project that will happen in two new phases. In this scenario, you 
are designing with a start time for the building shell followed by another phase for interiors, 
allowing the owner to split funding for the project into two budgets. In phase one, the building 
core and shell are built. In the second phase, interior construction occurs. Your first phase 
is labeled Shell and Core. Your other phase is labeled Interiors. This phasing also gives a 
contractor who is familiar with Revit the ability to use the model to see what needs to be built 
and when. Depending on how your model is created, the contractor can even do cost estimates 
by phase. 

In the Project Phases tab of the Phasing dialog box, create the two phases as we just described 
(Figure 10.9). You can simply rename the New Construction phase Shell and Core. Click the 
Insert After button to create an additional project phase and then rename it Interiors. We'll 
use these in a sample exercise in a moment. When you're creating phases, you might notice 
there’s no Delete button. You can’t delete a phase once you've added it because you don’t want 
to delete any geometry placed on a phase. Should your planning process change and you want 
to eliminate a phase, you can merge two phases using either of the Combine With buttons on 
the right. 





FIGURE 10.9 
Creating additional 
project phases 
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Click OK to accept the changes and close the Phasing dialog box, and then activate the Level 
1 floor plan. Once you've created these additional project phases, pick any project geometry and 
look at its instance parameters. You'll notice in the Properties palette that it can be assigned to 
any one of these three phases, as shown in Figure 10.10. 


FIGURE 10.10 
Assigning available 
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Return to the Manage tab in the ribbon and once again click the Phasing tool. The middle tab in 
the Phasing dialog box is Phase Filters (Figure 10.11). Seven predefined phase filters are listed. 
Don't be concerned if the filter names seem a bit cryptic at first. What’s really important is the 
four graphic conditions that can be overridden: New, Existing, Demolished, and Temporary. Let’s 
take a moment to explore how these graphic conditions are applied to a virtually unlimited number 
of user-defined project phases. Any object you place into a project has certain states relative to any 
particular phase. In other words, you might ask the following questions about a model element: 


Was it created in the current phase? That’s new. 


© ¢ ¢ 


Was it created in a previous phase? That’s existing. 
Was it created in a previous phase and demolished in the current phase? That’s demolished. 


Is the object created and demolished in the same phase? That’s temporary. 


FIGURE 10.11 
The Phase Filters tab 
with seven predefined 
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that although phases are applied to elements, phase filters are applied only to views. 


Now let’s explore the predefined ways a phase filter can be applied. Select any of the drop- 
down menus, as shown in Figure 10.12. You'll notice that the phase filter can override the 


graphics in one of three ways: 


By Category The object can be shown by its category settings or not overridden. It will be 


displayed in the project just as it does by default. 


FIGURE 10.12 
Setting a filter 
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As you can see, phase filters are relative settings. That is, the filters are relative to the phasing 
properties of the object and the phase of the view in which the object is displayed. Also realize 
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Overridden This means that you can define a graphic override for that object. We’ll get into 
the graphic overrides in a moment. 


Not Displayed The object is hidden in the view. 


Once you understand how each of the phase filters displays objects, phases can begin to 
make sense. For example, the Show Complete phase filter shows New and Existing elements 
By Category. But Demolished and Temporary elements are not displayed at all. Use this setting 
when you want to show the model in a finished condition. Another example is to use the Show 
New phase filter in a schedule such as in a door schedule. The Show New filter will include only 
those doors that are assigned to the phase that is also assigned to the schedule. The schedule 
will not list any existing doors or doors that were demolished. 

If there’s any remaining confusion, it probably involves the naming convention of Show 
Previous + Demo. A better name might be Show Existing + Demolition, but Existing is a bit 
misleading because this setting is showing the previous phase, which is not necessarily existing 
elements. They might be temporary elements that need to be demolished. Therefore, Show 
Previous makes more sense. 


USING GRAPHIC OVERRIDES 


The Graphic Overrides tab is the final tab in the Phasing dialog box (Figure 10.13). This dialog 
box relates back to the Overridden assignment of the previous tab. 
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This tab allows you to override geometry in a few areas: the Lines and Patterns 
characteristics of Projection/Surface and Cut (which refers to the cut profile of objects). You also 
have the option to just halftone the element. Finally, you can assign a unique Material setting 
when rendering. Although this ability is helpful for rendering with phase information, it can 
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also be useful for rendering everything to a matte material, something we discuss in Chapter 11, 
“Visualization.” As it is, phasing can show you where you are (new construction) and where 
you're coming from (existing), but not where you're going (future). 


Illustrating the Geometry Phase 


Here’s a simple exercise to illustrate each of the phases in a single view. Download and open 
the c10-Phases-Start.rvt file from the book’s companion web page. Activate the default 3D 
view (Figure 10.14). 


FIGURE 10.14 
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By default, all of these walls have been created in the New Construction phase because 
the phase of the view is New Construction. Now, selecting each of the walls from left to right, 
associate them with each of the following phase settings: 


Wall 1: Phase Created: Existing/Phase Demolished: None 


Wall 2: Phase Created: Existing/Phase Demolished: New Construction 


Wall 3: Phase Created: New Construction/Phase Demolished: None 


Wall 4: Phase Created: New Construction/Phase Demolished: New Construction 


IT’S HAMMER TIME 


Throughout most of this chapter we show you how to set the Phase Demolished property in the 
Properties palette, but there’s a more fun way to change this parameter. In the Modify tab of the rib- 
bon, within the Geometry panel you will find the Demolish hammer. Activate this tool and you can 
simply click model elements in the active view to set their Phase Demolished property to the phase 
of the view. It’s even been suggested to Autodesk to include a hammering sound effect to this tool! 


In Figure 10.15, you'll notice that the Existing (not Demolished) and the Proposed (not 
Demolished) look similar. Graphically, this might not be enough to demonstrate the different 
phases, so let’s change the graphic properties of the Existing wall so it’s visually more distinct. 
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FIGURE 10.15 
Default shaded 
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From the Manage tab in the ribbon, click Phases; then click the Graphic Overrides tab. Next, 
select the option to open the Material setting for the Phase - Exist material. You'll click the far 
right of the Phase-Existing box in the Material column. This opens the Material Browser dialog 
box highlighting the Phase - Exist material (Figure 10.16). 
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Select the Appearance tab to modify the rendered appearance of the material (Figure 10.17). 
Click the gray bar that reads RGB 80 80 80 to open the Color dialog box. 
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In the Color dialog box, assign a lime-green color with the following RGB values: Red = 0, 
Green = 255, Blue = 0 (Figure 10.18). Click OK to close the Color dialog box. 

Switch to the Graphics tab and under the Shading properties, check the Use Render 
Appearance box. This setting will use the coloring of the render material for shaded views 
as well. Click OK to close the Material Browser. When you finish changing these settings, 
you'll have the result shown in Figure 10.19, with each phase shown distinctively within the 
view. 

Once you settle on a color and graphic scheme, we recommend making this particular 
setting part of your default project template or your office’s standards. That way, new users will 
be able to distinguish the phase of an object far more clearly, and the standard will be consistent 
throughout your office. 
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Using the View Phase 


Now that we've discussed the phasing properties of geometry, we'll cover the phase properties 
of the views. Starting with the 3D view from the previous example, examine the view properties 
in the Properties palette, provided there are no model elements selected (Figure 10.20). We have 


collapsed some of the property groups at the top to show the Phasing properties at the bottom 
of the list. 
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FIGURE 10.20 
Phasing options for 
a view 
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Remember that all the graphic overrides and filters for phasing are relative to the phase 
that is assigned to geometry or a view. By default, the New Construction phase is assigned to 
new views created in your project. This phase assignment can be changed at any time from 
the Properties palette. The phase property can also be assigned to a view template for easier 
management of this parameter. 

The next important step is to apply the most appropriate phase filter. To illustrate how a 
phase filter changes the way objects are displayed in a view, you will step through several filters 
in the following exercises. 

The default phase filter is Show All (Figure 10.21). This filter will show all the model elements 
relative to the phase assigned to the view and will override their graphics based on their Phase 
Created and Phase Demolished parameters. It also gives you a sense of all the elements as they 
exist in time. 
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Although this is great for 3D views, where every phase has a distinct color, it’s also useful 
for working in a plan, elevation, or section. To turn this graphic visibility on, activate the Level 
1 floor plan from the Project Browser and change the Graphic Display setting to Shaded or 
Consistent Colors. You'll be able to clearly distinguish between objects in different phases, as 
shown in Figure 10.22. 


FIGURE 10.22 nn gat a acl 
Shaded plan view of 
phased elements 


i/e"=1'-0" () GS te =x Te Fs ii ' 


Now let’s start moving through each of the phase filters. But here’s an important note: Rather 
than moving through the various phase filters from top to bottom, let’s move through time by 
changing the Phase parameter. 

Return to the 3D view and keep the Phase Filter set to Show All, but change the Phase to 
Existing (Figure 10.23). This will show only the objects created in the Existing phase—and their 
graphics are not overridden. The two walls that were assigned to the New Construction phase 
are not shown in the view because Revit does not provide a way to see future construction 
beyond the phase assigned to the view. 

Set the phase of the view back to New Construction and set the phase filter to Show 
Previous + Demo (Figure 10.24). This filter still shows only the existing walls (the walls from the 
previous phase). One of the walls is clearly being demolished. Keep in mind that the graphic 
overrides that are being applied are relative to what you'd be seeing through the lens of the New 
Construction phase. 

Now select Show Previous as the phase filter, as shown in Figure 10.25. The demolished 
element is no longer shown. 


FIGURE 10.23 
Show All phase filter 
for the Existing phase 
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FIGURE 10.25 
Show Previous phase 
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We’ll move forward another moment in time and set the phase filter to Show Previous + 
New. This shows only the remaining elements (not any of the demolished content) from the 
present and previous views (Figure 10.26). It is not always necessary to click Apply in the 
Properties palette each time you want to apply the settings you've just changed. Moving your 
mouse pointer outside the palette has the same effect as clicking Apply. 
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FIGURE 10.26 Properties 
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This visualization brings up another interesting point: Why not show the remaining existing 
elements as well as the proposed and temporary elements? Although you could also create a 
new phase filter, for this example we'll change the settings of the Show Previous + New graphic 


phase filter (Figure 10.27). From the Manage tab on the ribbon, click the Phases tool again. 


Choose the Phase Filters tab, and in the Show Previous + New row, go to the Temporary column 
and change the setting to Overridden. 
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Click OK to exit the dialog box. Figure 10.28 shows the result. 


i Overidden 


Lyendden 


i By Category 
| Not Displayed 


Net Displayed 


vermidden 


Í Overidden 


Lenirdcen 
“Net Displayed 


"Not Displayed 


Not Displayed 


Í | Qvernidden 
"Not Displayed 
| Not Displayed 


Dwr iden 
"Net Displayed 
Overidden 
Not Displayed — 
__ Not fat a 


ee Cat a 


Not Displayed 





at 





FIGURE 10.28 Propention 

Show Previous + Q ow 

New phase filter with 

temporary elements Sa 

added paced 
roe 


Ruerdereny o 


| 


f 


|Phaxing 


| Mase Filter 
Phase 


Shows Trvious | New 
New Construction 








USING PHASING} 393 


The next step in the sequence is to set the view to Show Demo + New, which will show 
demolished elements from the present phase as well as any new elements from the present 
phase (see Figure 10.29). The numbers disappeared because they are Model Text elements that 
were placed on the Existing phase. 
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Moving forward in time, let’s now show only the elements in the New Construction phase. 
Set the phase filter to Show New and only one wall will be displayed, as shown in Figure 10.30. 
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Now comes the final phase filter setting, Show Complete (Figure 10.31). This shows only 
the existing elements that were not demolished in previous phases up to the phase assigned 
to the view. Elements that are demolished in any phase are not displayed, and neither existing 


me T 





FIGURE 10.31 Fepair o y 
Show Complete phase | @ or 7 
filter 30: View, DG iv) Fb it Tipe 
(arapi z 
eae i 
Camera 
Baredeitey Gettin bake 
— F 
EZG z i 
Phaia Faure Etow compete || 
Phase few Comeiruction | 





394 |CHAPTER10 WORKING WITH PHASING, GROUPS, AND DESIGN OPTIONS 


Create 


nor new elements are overridden. This phase filter is most often used for camera views where 
a rendering of the finished conditions may need to be generated without any sort of graphic 
overrides. 


PHASING WITH LINKED MODELS 


If you are working on larger-scale projects, you'll want to keep some additional factors in mind 
when using phasing. To control your phasing between linked models (which could be linked archi- 
tectural models or consultant models), make sure your phase names are identical. If one model has 
“Existing + Demo” and the other team has “existing+demo,” the linked models will see those as 
different phases. Remember: Consistency is the key. 


Creating and Using Groups 


It’s easy to think of groups as functionally similar to blocks in Autodesk® AutoCAD® software 
or cells in Bentley MicroStation, but groups can be much more. They are great at maintaining 
repetition within your project, but there are some major differences: 


@ Creating groups is quite easy. And whether it’s a 2D or 3D group, the insertion point for the 
group is easily defined and modified. The same can’t be said of simple 2D blocks in other 
applications. 


@ Updating groups is a breeze. It’s easy and intuitive to modify a group after it’s been 
created. Practically anyone on your team can do it, which means that design workflow will 
not bottleneck in your project team. 


@ Copying groups throughout your project is also a breeze. Groups can be copied across 
different levels, rotated, and even mirrored. We cover groups in more detail later in this 
chapter. 


There are a few good practices that you'll want to keep in mind when using groups. But 
they're so straightforward that you'll wonder how you've ever worked without them. 


Creating Groups 


You can create two kinds of groups in Revit. One kind is just for geometry, and they’re called 
model groups. The other is just for view-specific content like text, tags, dimensions, and so on, 
and they’re called detail groups. You can create one kind of group or the other explicitly. But if 
you try to create a group with both model and detail elements, Revit is smart enough to create a 
separate detail group that’s associated with the model group. 

To demonstrate this, download and open the file c10-Groups-Start.rvt or cl0-Groups- 
Start-Metric.rvt from this book’s web page. Activate the Level 1 floor plan and you will see 
four walls with dimensions, as shown in Figure 10.32. 

Select the walls and dimensions in the view, and click the Create Group button on the 
contextual ribbon in the Create panel. Keep the default name, Group 1, for both Model Group 
and Attached Detail Group (Figure 10.33). 

Now select the group of walls and copy it to the side of your original group. You'll notice that 
only the model-based group is copied, which is fine for now (Figure 10.34). 


FIGURE 10.32 
Four walls and 
dimensions 
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FIGURE 10.34 
Copied model group 
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It is a simple process to associate the detail group to another instance of the model group. 
Select the group and then click the Attached Detail Groups button on the Group panel in the 
contextual ribbon, and you'll see the dialog box shown in Figure 10.35. Select the check box for 
Group 1 from the list and click OK. 
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The results are fairly straightforward (Figure 10.36). Both groups are now identical with 
geometry and dimensions. 


FIGURE 10.36 
Identical groups 
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Modifying Groups 

Now that you've created two identical groups, let’s add a door to one of the walls that belong to 
the group, as shown in Figure 10.37. But don’t add the door to the group—just place it in one of 
the walls as you would with any nongrouped wall. 


FIGURE 10.37 
Adding a door outside 
of Edit Group mode 
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Now select the group to the left (the one with the new door) and select Edit Group from the 
Group panel in the contextual tab of the ribbon. You'll enter a special editing environment, 
shown in Figure 10.38, and the nongrouped elements will be grayed out. The screen overlay color 
alerts you that you are in Edit Group mode. The screen will appear with a yellow background in 
this mode. Here you'll be able to add, remove, and attach other elements to your group. 


FIGURE 10.38 
Edit Group mode 
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Now add the door to the group by selecting the Add function from the Edit Group panel. 
When you add an element to the group, it will appear black in the Edit Group mode, letting you 
know you were able to successfully add it to your group. You'll notice that you can’t add the 
door numbers because this is a model group and tags are 2D components. Now finish the group 
by clicking the Finish button (the green check), and you'll notice that both groups now have a 
door in the same location (Figure 10.39). 
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FIGURE 10.39 
Finished group 
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The process is essentially the same for modifying any group: Start the Edit Group mode, 
make the changes and/or additions, and then finish the group. 


Creating New Groups 


Sometimes the easiest way to make a new group is to copy and modify an old one. A quick way 
to do this is to right-click the name of the group you want to duplicate in the Project Browser 
and choose Duplicate from the context menu, as shown in Figure 10.40. Complete this command 
and make sure the new group is named Group 2 in the Project Browser. 
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Return to the plan view and select your group. Notice in the Type Selector that you can swap 
between groups in the same way you can swap between types within a family. Choose Group 2 
in the Type Selector so you have one of each group type on the screen. 

With Group 2 still selected, click Edit Group from the contextual tab in the ribbon. Edit it by 
making it 13'-6" square (4 m), as shown in Figure 10.41; then finish the group. 
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FIGURE 10.41 
Modifying the second 


group type 





Groups have insertion points that you need to consider before you exchange one group for 
another. When you create a group, the insertion point is initially at the geometric center of all 
the elements in the group. The group’s origin is also identified by x- and y-coordinates. 

But keep in mind that as you edit the group, the insertion point doesn’t move until you 
deliberately relocate it. This can be seen in Figure 10.42; editing the geometry for Group 2 retains 
the same insertion point that was active when the group was initially created. Even though 
we've modified the group, the insertion point remains where it was originally when the group 
was created. (When editing this group, the left wall was moved to the right and the top wall was 
moved down to achieve the dimensions.) 


FIGURE 10.42 
Insertion points in 
different groups 





Moving the insertion point is an easy matter of dragging (and, if necessary, rotating) the 
Insertion Point icon to a common location before swapping one group for another (Figure 10.43). 


-əx Drag the insertion points for both Group 1 and Group 2 to the inside face of the walls at the 


lower-left corner. 

Once you have adjusted the insertion points of multiple similar groups, swapping groups 
will occur at the same relative location. Figure 10.44 illustrates Group 1 being swapped for 
Group 2, and vice versa, but common insertion points are maintained. Select the instance of 
Group 1 in the floor plan and choose Group 2 from the Type Selector. 
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FIGURE 10.43 
Relocating insertion 
points 





FIGURE 10.44 
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Excluding Elements within Groups 


There will be occasions where everything in a group works great and it works throughout the 
project—except for that one particular case where a condition is slightly different. In the past, 
you had to create new groups for each slight exception, which might have been conceptually 
consistent but often led to a much longer list of group variants. You were left with little ability to 
cohesively modify them as the project size (and number of groups) continued to grow. 

This workflow is now deftly handled by excluding individual elements from groups. The 
original group definitions remain intact, and schedules are aware of excluded elements. Figure 
10.45 shows an example of this in practice. We’ve created another instance of Group 1; however, 
there’s a column right in the middle of the door. 

We don't want to destroy the integrity of the group and give up being able to quickly modify 
similar elements, but we also cannot advance the design with the column located where it 
is shown. To resolve this, hover the mouse pointer over the door within the group and then 
press the Tab key until the door is highlighted, right-click it, and select Create Similar from the 
context menu. This will allow you to place a new door in a better location. This door will not be 
part of the group. In Figure 10.46, the new door has been placed above the grouped door, and its 
swing direction has been flipped. 
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FIGURE 10.45 
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FIGURE 10.46 
Adding a new door 
using Create Similar 





Now you can exclude the door that conflicts with the column as an exception to the original 
group definition. This process can be a bit confusing at first because you don’t need to enter 
Group Edit mode to exclude members from groups. Simply hover the mouse pointer over 
the door and press the Tab key until the door is highlighted. Select the door, as shown in 
Figure 10.47. 

Once the door in the group is selected, you'll notice an icon pointing to the door. Clicking 
this icon will allow you to exclude the door as an exception to the group. The icon will change 
and show a red hash through it. This means the element is now excluded and will automatically 
be deleted when you deselect the group. The wall will heal itself as if the door were never there. 
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How can you tell if a given group has elements that have been excluded? Selecting the group 
will reveal any hidden elements in the group that are excluded (Figure 10.48). Just tab through to 
select the hidden door to include the component back into the group. 


FIGURE 10.48 
Excluded group 
elements will display 
when the group is 
selected. 








Saving and Loading Groups 


Even though we stress the fact that Revit is a whole-process BIM application (by integrating the 
modeling, documentation, and multiuser workflow into one database), there are times when 
you'll want to share the data across many files. 

Just as you wouldn’t want your family components locked up inside a project file, there are 
good reasons to keep commonly used groups outside your project. You might even want to 
keep them in a folder just as you do your custom content so you can use them again on similar 
projects or as part of your office’s library. You can do so by saving groups outside your projects. 

Saving groups is a simple matter of right-clicking the group name in your Project Browser 
and selecting Save Group (Figure 10.49). 

You'll then be prompted to save the group as an RVT file. You can open this file as you would 
any other RVT file if you'd like to modify it later and then reload the group into the project in 
order to update all the instances. To load an external group into a project, go to the Insert tab in 
the ribbon. On the Load From Library panel, choose Load As Group. 

Be aware that when you load the group in a project, if the group name already exists, you'll 
be given a warning. You can overwrite the existing group (by selecting Yes) or load with 
the option to rename the group that’s being loaded (by selecting No). Or you can cancel the 
operation altogether (Figure 10.50). 


FIGURE 10.49 ae Grups 
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What’s really great is that when you reload the group, Revit even remembers to exclude 
previously excluded elements from the group that’s been modified in another session. Figure 
10.51 shows that a desk and chair have been added to Group 1 in the RVT file saved from the 
original group. The group has been reloaded, overwriting the original group, but the exclusion 


remains intact. 
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FIGURE 10.51 
Retaining excluded 
group elements 





Creating Groups from Links 


Because groups are also RVT files, they can be linked into the project environment as well. 
Although you can’t edit a link in place (as with a group), there are some excellent reasons why 
you might want to start a group as a link and then bind the link at a later time. Binding a linked 
project will convert it to a group. Groups and links can also exist within design options (more 
on design options later in this chapter). To follow this workflow, use these steps: 


1. From the Insert tab in the ribbon, choose Link Revit from the Link panel (Figure 10.52). 


FIGURE 10.52 
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command to add 
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Link 


2. Browse to the group you just exported and click Open. 


After the link has been placed, you can copy it throughout your project as you would any 
other element in Revit. Keep in mind that all the functionality between groups and nongrouped 
elements will not behave the same in links as it does throughout the rest of your project. For 
example, in Figure 10.53, the upper-right collection of walls and furniture is a link, not a group. 
As a result, walls are not cleaning up between linked models and groups in the same way they 
are between groups and other walls in the project. 


FIGURE 10.53 
Walls don’t join to 
linked models. 
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This graphic restriction may not be a concern during early stages of design, when links allow 
for a lot of rapid flexibility. After you've resolved your design using linked models, you can bind 
them into the project environment by selecting each link in a view and clicking Bind Link from 


the contextual tab in the ribbon. 


Rather than explode the linked model into separate and unrelated elements, Revit converts 
the link to a group. Once this happens, walls easily join across groups, as shown in Figure 10.54. 


FIGURE 10.54 


Wall joins are resolved 
when linked models 


are bound in the 
current project. 
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Using Best Practices for Groups 


So far, you have learned that groups can help you maintain consistency among repeated 
elements and will facilitate additional design iteration; however, there are some important 
exceptions that you will want to note. Nearly every time a problem crops up with groups, it’s the 
result of ignoring one of the following best practices: 


Don’t put datum objects in your group. Avoid putting datum objects (levels and grids) 
inside your group. First, you can’t manage the extents of the datum objects unless you're in 
Edit Group mode, which can create conflicts elsewhere in your project. Of course, you will 
have the option to not include the datum objects when you bind your link. Again, doing so 
doesn’t necessarily create a technical hurdle, but it can create a lot of confusion. We’ve seen 
situations where duplicate levels were deleted only to find out that those levels were hosting 
content in the project. 


Don’t nest groups. In other words, avoid creating groups within other groups. Although 
nesting can save time in some situations when the design is preliminary and your team is 
trying to distribute content and design ideas quickly, you'll likely find a point of diminishing 
returns as the design evolves. You can’t get to all the features and functionality of Revit when 
you're in Edit Group mode. And if you're nested deep into groups and trying to modify 
project properties, you'll quickly get frustrated digging in, out, and across nested groups to 
go back and forth between your group and the project. 


Group hosted elements and their hosts together. Always keep your hosted elements 

and hosts together. For example, do not group doors and windows without the walls that 

are hosting them. If any of the windows in a group become unhosted from walls and then 
deleted, this will delete the respective windows in all other group instances—even if they are 
properly hosted. 


Don’t use attached relationships in groups. The top constraints of walls are commonly 
attached to levels or other hosts like floors and roofs, but these relationships should be 
avoided in groups. If you manipulate the datum or attached host and the relationship creates 
inconsistent conditions among the instances of the group, you'll see a warning asking you to 
fix the groups (Figure 10.55). 


FIGURE 10.55 eee ee ee E 
Avoid attaching with Autodesk Revit 2016 
groups. Error - cannot be ignored 


Group instances of the same type do not contain identical members. Press 
"Fix Groups..." to select from options to make the groups consistent. 
Corresponding group members in different group instances diverge in the 
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Show | More Info | Expand >> 
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Fixing the group really doesn’t fix the group. It actually explodes it or creates a new group 
that is no longer referenced to the first group (Figure 10.56). 


FIGURE 10.56 


Resolving 
attachments warning Haw do you want to fix the inconsistent groups? 


* Ungroup the inconsistent groups 
Ungroups instances that cannot remain consistent with their group type. 


> Create new group types 
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Don’t mirror groups. Finally, and maybe most important, don’t mirror groups. Instead, it’s 
better to create left and right versions. Does mirroring work in concept? Yes. Does it work in 
the real world? Not really. 


Think about it. You’d love to be able to mirror that prototype coffee shop, right? Mirror the 
coffee shop—and all the equipment in the group—and now the baristas are foaming milk on 
the right rather than the left. This might look great in a rendering, but it doesn’t make sense 
for the company that manufactures the espresso machines. 


And now the display cases have power supplies on the wrong side. The cash register has 
keys on the wrong side. The desk in the manager’s office now has drawers on the left and 
filing cabinets on the right. And to make matters worse, the sink in the bathroom now has 
hot water coming from the wrong faucet. Again, it makes all the conceptual sense in the 
world to be able to mirror a building—and a group. But trying to make it work can cost a 

lot of time and money. And that’s just a coffee shop. If you think it’s a good idea to mirror a 
hospital room or a surgical theater or some other mission-critical building or civil construct, 
well, it could end badly. Or you will have to work very, very late to resolve the issues. 


If you'd like to download the file that has been created during the examples, you can find it in 
the Chapter 10 folder on the book’s web page; the file is called c10-Groups-Finished.rvt. 


Making Design Options for Design Iteration 


Revit software provides a unique set of tools for developing multiple design iterations in the 
confines of a single-model environment. You can use these tools to explore alternative designs 
without the need to save multiple independent versions of your model as you move in different 
directions. You're free to investigate multiple roof configurations or different entry canopies 

or to explore various furniture, office layouts, and stairs—quite literally anything that can be 
modeled. This functionality also allows you to create views that show each option so multiple 
designs can be compared. 
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Let’s begin by establishing a fundamental understanding of the workflow for design options. 
First, you have a main model, which includes all the elements you've learned how to model so 
far in this book. The main model can be thought of as a backdrop or stage on which different 
options are displayed. Elements in the main model are always visible by default, whereas design 
options come and go, appearing and disappearing depending on which design option you're 
editing or viewing. Put another way, the main model includes everything else that’s not in the 
design options. 

You begin to explore design options by first creating a named option set—for example, Canopy 
Options. Within the option set, you then define options, the first of which is the primary option. 
Each option can be named to help you identify the intent, such as Glass Canopy and Steel Canopy. 
From here, you need to either select elements you've already modeled and add them to the 
appropriate design options or edit each option and create the elements with the Design Options 
tool active. Either way, the primary option in each option set will be displayed throughout your 
project by default. You can make as many options as you need—there is no limit. 

The last part of configuring design options is to create some additional views in which to 
compare the ideas. As soon as you start creating design options in a project, the Design Options 
tab is added to the Visibility/Graphic Overrides dialog box. In this interface, you can select a 
specific option to be displayed for any of the option sets in the project. You can then present 
them to a client, to the project architect, or to other stakeholders in the design process. At any 
time, you may set any other option as the primary option. This will affect any views that are 
displaying the default option. 

When an option within a set is finalized, you can accept the primary design solution and add 
it back to the main model. Doing so deletes all elements in the other options within the option 
set and merges your accepted option back into the main model. 


Creating Design Options 

Let’s now explore the use of design options with a simple exercise. Download and open the file 
c10-DesignOptions-Start.rvt or c10-DesignOptions-Start-Metric.rvt from this 
book’s web page. The sample files have a simple layout of walls, as shown in Figure 10.57. 


FIGURE 10.57 30' - 0" (9,140 mm) 
Create a simple layout 

of walls to begin 

studying design 

options. 


20' - 0" (6,100 mm) 
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Starting in the Level 1 view, you're going to configure this simple space into a design option 
that divides the space vertically in one option and horizontally in the other: 


1. From the Manage tab in the ribbon, locate the Design Options panel (Figure 10.58) and 
then click the Design Options button. 


You can also access the Design Options tool from the status bar at the bottom of the 
application window. 


FIGURE 10.58 
Launching the Design 
Options tool 





Options] Main Model + 
Design Options 
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2. In the Design Options dialog box, click New in the Option Set area to create a new option 
set. This will automatically create one design option within the set. 


3. Click New in the Option area of the dialog box to create an Option 2 option, as shown in 
Figure 10.59. Click Close to dismiss the dialog box. 


Now that you've started creating design options, everything in the project is considered 
the main model. You can start adding elements to one of the two options. 








FIGURE 10.59 Dacian Options l A Eral 
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4. Select the center wall, which will immediately initiate the Modify | Walls contextual tab 
in the ribbon. 


With the wall segment selected, you can find the Add To Set button in either the Manage 
tab in the ribbon or the Design Options toolbar in the status bar (Figure 10.60). 


FS [Basse 
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FIGURE 10.60 
Using the Add To Set 
tool on the Design 


Design 
Options panel 


Options Main Model + 
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3. In the Add To Design Option Set dialog box, add the wall to Option 1 but not Option 2, as 
shown in Figure 10.61. 


FIGURE 10.61 
Adding elements to 
option sets 





Note that when the elements are added to the option set, you immediately lose the ability 
to select them within the main model. This is because an option called Exclude Options in the 
status bar is checked by default. The purpose of this option is to support a workflow in which 
design options are explicitly edited. Otherwise, it is assumed you are working exclusively 
on other parts of the building design. Of course, you can disable this option at any time by 
deselecting the check box in the status bar. 
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Editing Design Options 
Selecting a design option to edit allows you to enter a special mode called Edit Option mode. In 
this mode, you can add elements you've already created in the main model or create them from 
within the option set. The elements that are not inside this option set turn light gray, indicating 
that they are not editable. 

Entering Edit Option mode is quite easy. From the drop-down list in the Design Options 
toolbar or from the Design Options panel in the Manage tab, select the option you want to begin 
editing (Figure 10.62). In our example, we chose Option 2. 
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Once you have entered Edit Option mode, you will notice that the wall you added to Option 
1 is not visible. Add one horizontal wall dividing the space, as shown in Figure 10.63. Note that 
anything else you add to the project while in Edit Option mode will be assigned to that design 
option. You can also modify or delete any elements in the selected option in this mode. 


FIGURE 10.63 
Adding a wall in Edit 
Option mode 


To exit Edit Option mode, return to the Design Options drop-down list and select Main 
Model. Remember that only the primary option will appear by default; therefore, when you 
finish adding the horizontal wall to Option 2 and you return to the main model, the horizontal 
wall will disappear and the vertical wall will reappear. In the next section, you'll learn how to 
control the visibility of design options. 
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Viewing and Scheduling Design Options 


You'll notice that whenever you switch between Option 1 and Option 2, the view automatically 
changes to show the option that you've selected. Initiating design options automatically creates 
a new tab in the Visibility/Graphic Overrides dialog box. By default, a design option’s display 
shows as <Automatic> (Figure 10.64). This means that the Primary design option (in this case, 
Option 1) will be shown in the view. 








FIGURE 10.64 R 
The Design Options | 
| Mode Categories | Annotation Categones | Analytical Model Categones | Imported Categories | Fiters | Design Options 
tab displays 
On AAA [a 


Option Set 1 <Automatic> 


The Design Options tab is available for any view, even for schedules. Selecting the Visibility/ 
Graphic settings in the view properties of a schedule filters the schedule according to the 
desired design option. 

If you want to specify or lock a view to a particular design option, open the Visibility/ 
Graphic Overrides dialog box and select the Design Options tab. From the drop-down list, 
change the setting from <Automatic> to one of the design options (Figure 10.65). 
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For working views, it’s fine to leave the view properties set to <Automatic> so that the 
view switches to actively show the primary design option; however, using the Visibility/ 
Graphic settings can be particularly useful for views that are being placed on sheets. To 
show multiple design options on one sheet, simply duplicate any relevant views and use the 
Visibility/Graphic settings to set a specific design option for each view. One of the compelling 
visualization techniques using this feature is perspective. You can quickly and easily show a 
variety of design options all from the same vantage point within the model by simply creating 
a perspective view, duplicating it, and setting the relevant design option in the Visibility/ 
Graphic settings. 


Removing Design Options and Option Sets 


As your project progresses, it may become necessary to delete an option set, accept the 
primary design option, or delete a single design option. Although some of these methods 
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might yield similar outcomes, there are important differences. Remember that you can create 
an unlimited number of option sets and any number of individual options within each set. 
Maintaining too many design options may have adverse performance effects on your project 
file, so you should be conscious of the status of all design options. As always, each option set 
should be named appropriately so that your project team can understand the intended use of 
each study. 


ACCEPTING THE PRIMARY DESIGN OPTION 


The most common outcome of a design option study is to accept one option and delete the 
remaining ones. The Design Option tools are built to support this workflow quite effectively. 

To accept the primary design option, open the Design Options dialog box from the Manage 
tab or the status bar. Select the associated option set from the list. Make sure that the option you 
want to keep is the primary option. If it is not, select that option; then click the Make Primary 
button. Once that is complete, click the Accept Primary button, as shown in Figure 10.66. 
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When you accept the primary option in an option set, the geometry associated with the 
primary option is integrated into the main model. Any geometry on other options within the 
selected option set is deleted. 

You will proceed through a series of warnings and confirmations before completing the 
process. If any views are specifically assigned to display the options being deleted, you will 
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have the option to delete or retain such views (Figure 10.67). This is a good way to keep your 
project file clean and free from extraneous views related to the rapid iteration process of design 
options. 


FIGURE 10.67 
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ED Real World Scenario 


PRESERVING YOUR DESIGN ITERATIONS 


In our experience, we have heard many stories about vast amounts of effort that have been wiped 
out when various actions are taken in a Revit model, usually for the sake of improving performance. 
One classic scenario is when several design options are created and only one is moved forward after 
certain project milestones. If you use the Design Options tool, be sure to create an archive copy 
of your project model before you activate potentially destructive commands such as accepting the 
primary design option or deleting an option set. 


DELETING AN OPTION SET 


Do not confuse the ability to completely delete an option set with the ability to accept the 
primary option and delete all other options within the set. If you delete an option set, all options 
within the set are deleted. This workflow is less common because you usually study options for 
some element of your design that will need to be included in one form or another. Sometimes 
you may just need to study a potential addition to the scope of your project and it doesn’t get 
accepted. This is where it is useful to completely delete an option set. 
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To delete an option set, return to the Design Options dialog box and select an option set. 
Click the Delete button in the Option Set area, as shown in Figure 10.68. As in the previous 
exercise, you will be prompted with a series of warnings and confirmations because of the 
content you are about to permanently delete from your project. 


FIGURE 10.68 
Deleting an option set 
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DELETING AN INDIVIDUAL OPTION 


Another common workflow in the iteration of design is to delete just one of the options within 
an option set. This may occur for various reasons, but let’s say you didn’t want to continue 
exploring the option for all enclosed offices in the furniture layout for the first floor of your 
project. In Figure 10.69, we have the Design Options dialog box open and the All Enclosed 
option selected within the 1st Floor Furniture option set. From here, you would click the Delete 
button in the Option area, as shown in the figure. 

You cannot delete the primary option in an option set. Some other option must be assigned 
as the primary option before you can delete the original primary option. To make an option 
the primary option, open the Design Options dialog box, select an option, and click the Make 
Primary button. 


416 |CHAPTER10 WORKING WITH PHASING, GROUPS, AND DESIGN OPTIONS 


FIGURE 10.69 
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Combining Phasing, Groups, and Design Options 


Now it’s time to bring it all together—phasing, groups, and design options. In this exercise, 
we're going to create a tenant-finish package in two phases. The first phase will start 
construction on one side of the space, and then we'll turn to the other side of the space to 
complete the renovation. We’ll also rely on groups for collections of components. Finally, we’ll 
create a design option for the second space. Ultimately, you need to visualize the exercise in 
plan, perspective, and schedule. 

Download the c10-Exercise-Start.rvt file from this book’s web page to get started. 
Before you start this exercise, remember that this model will be the existing condition. So rather 
than create the existing walls and then change their phase, let’s start by duplicating a view and 
changing the phase of that view so that the walls and other content are displayed as existing. 


1. In the Project Browser, duplicate the Level 1 floor plan and name the duplicated view 
LEVEL 1 - EXISTING. 


2. Activate the LEVEL 1 - EXISTING view, and in the Properties palette make sure the phase 
is set to Existing. Leave the phase filter set to Show All for now. 


Don’t be concerned that the elevation tags have disappeared in the view. View tags are also 
phase aware, and they’re in the New Construction phase. The finished existing plan is shown in 
Figure 10.70. 
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FIGURE 10.70 
The existing floor plan 











As you can see, the finished existing space is really two areas. In this scenario, the tenant in 
the lower-left space is expanding and will be taking over the upper space. The idea is that we're 
going to demolish the space in stages. We don’t want to upset the existing tenants to complete 
the phased work. 


Phase 1: Demolition 


In the first phase of our exercise project, we will indicate some of the existing walls to be 
demolished. You don’t want to demolish them in the existing Level 1 floor plan view because the 
demolition should take place at the start of the New Construction phase. That said, there will 

be two construction phases (so there will also be two demolition phases). Create the new phases 
and associated plans by following these steps: 


1. From the Manage tab in the ribbon, click Phases. In the Phasing dialog box, rename the 
New Construction phase to New Construction - Phase 1. Click the After button and 
create anew phase named New Construction - Phase 2 (Figure 10.71). Click OK to close 
the dialog box. 
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FIGURE 10.71 
Create two new 
construction phases. 
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2. In the Project Browser, duplicate the Level 1 floor plan. Activate the duplicated view, and 
in the Properties palette set the following values: 


@ View Name: LEVEL 1 - PHASE 1 - DEMOLITION 
@ Phase: New Construction - Phase 1 
@ Phase Filter: Show Previous + Demo 


3. Duplicate the 3D view named Existing. Activate the duplicated view, and in the 
Properties palette set the following values: 


@ View Name: PHASE 1 - DEMOLITION 
@ Phase: New Construction - Phase 1 
@ Phase Filter: Show Previous + Demo 


You'll notice in the demolition plan that the graphic override for existing walls has 
been set to include a gray solid fill. This will help to distinguish the existing, new, and 
demolished walls. In the 3D view, existing elements are shown as transparent green to 
also aid in the visualization of the phases. 


4. Demolish the walls as shown in Figure 10.72 using the Demolish tool (the small hammer) 
on the Geometry panel of the Modify tab. 


You don’t have to demolish the doors if you first demolish the walls that host them. 


FIGURE 10.72 7 = -e 
Demolished walls jl ii i 
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Phase 1: Proposed 


Now that you've created a demolition plan for Phase 1 and have demolished the interior 
partitions for that area, we’ll need to create another plan view in which you will create a new 
layout. Follow these steps to continue the exercise: 


1. Duplicate the Level 1 floor plan, and in the Properties palette set the following values: 


@ View Name: LEVEL 1 —- PHASE 1 PROPOSED 
@ Phase: New Construction — Phase 1 


@ Phase Filter: Show Previous + New 


2. Duplicate the 3D view named Existing, and in the Properties palette set the following 


values: 
@ View Name: PHASE 1 - PROPOSED 
@ Phase: New Construction — Phase 1 


@ Phase Filter: Show Previous + New 


- Inthe LEVEL 1 —- PHASE 1 — PROPOSED plan view, you will add the new elements, as 


shown in Figure 10.73. First, add segments of Curtain Wall: Storefront to the existing 
walls in the room shown at the lower left of Figure 10.73. 


Because the new storefront is proposed and the interior walls exist, this action will 
automatically demolish the openings necessary to accommodate the new wall type. 


layout 


Phase 1 proposed 0 
| 





4. Using the furniture families already loaded in the project, add furniture to the proposed 


space as shown in Figure 10.73. 


You'll add a reception area and other office furniture. Add desks, tables, shelving, and 
chairs. 
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5. Add workstation and chair components to the open office area to the right of the Phase 1 
area, but group the assembly before you start copying through the office space. 


Use your own judgment and creativity in laying out the new elements in the space. The aim 
of this exercise is to become familiar with phasing and grouping. Figure 10.74 illustrates the 
space in a perspective view. Note that the demolished walls are not being shown. 


FIGURE 10.74 
Phase 1 proposed 
layout in perspective 
view 





Phase 2: Demolition 

Now that we have created a new layout for the first phase of our renovations, we will create 
similar views for the second phase. In addition to some selective demolition, we will add a 
design option set to explore two different ideas for the second phase. Follow these steps to get 


started: 
1. Duplicate the plan view LEVEL 1 —- PHASE 1 DEMOLITION, and in the Properties palette 


set the following values: 


@ View Name: LEVEL 1 — PHASE 2 DEMOLITION 
@ Phase: New Construction — Phase 2 


@ Phase Filter: Show Previous + Demo 
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2. Duplicate the 3D view PHASE 1 —- DEMOLITION. Activate the duplicated view, and in 
the Properties palette set the following values: 


@ View Name: PHASE 2 —- DEMOLITION 
@ Phase: New Construction — Phase 2 
@ Phase Filter: Show Previous + Demo 


3. Demolish the existing walls shown as dashed lines in Figure 10.75 using the demolition 
tool (the small hammer) from the Modify tab in the ribbon. Note that you'll have to split 
the long wall between Phase 1 Proposed and Phase 2 Proposed in order to allow only a 
portion of the wall to be demolished. 


FIGURE 10.75 
Demolished walls for 
Phase 2 








4. Return to the 3D view named PHASE 2-DEMOLITION and your view should be similar 
to the image shown in Figure 10.76. Don’t be confused by the proposed content from New 
Construction — Phase 1 showing as existing. This is correct because that content is now 
considered existing when seen through the lens of New Construction — Phase 2. 
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FIGURE 10.76 
Phase 2 demolition in 
a 3D view 





Phase 2: Proposed 
In the final steps of our exercise project, we will create two different layouts for the client to review. 
We will generate a design option set and views that will specifically show the alternate option. 


1. Duplicate the plan view LEVEL 1 — PHASE 1 PROPOSED and rename it LEVEL 1 — 
PHASE 2 PROPOSED. Set the Phase to New Construction — Phase 2. 


2. Start working in your new plan view, adding proposed elements for the primary design 
layout as shown in Figure 10.77. 








FIGURE 10.77 
Proposed layout for 
the primary option in 
Phase 2 
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Don't worry about getting the design right—just get the idea right. 


Just remember, adding elements in the view with the appropriate Phase and Phase Filter 
settings is the easiest way to avoid confusion. Figure 10.78 shows a perspective of the first 


proposed layout. 


FIGURE 10.78 
Proposed layout in 
perspective 





Scheduling 
Now let’s create a schedule for walls that we will use to provide a volume-based cost for 
demolition in each phase of the proposed work. 

First, you will need to create a phase filter to show only demolished elements. After you 
create the new phase filter, you can apply it to any floor plan or 3D view to verify what the filter 
will display. The same elements will be displayed in a schedule. To create the phase filter and 
the wall demolition schedules, follow these steps: 


1. From the Manage tab in the ribbon, click Phases. In the Phasing dialog box, switch to the 
Phase Filters tab. Click the New button and name the new filter Demo Only. Set the New 
and Existing column values in the table to Not Displayed, and then click OK to close the 
dialog box. 


2. Switch to the View tab in the ribbon, and from the Create panel choose Schedules > 
Schedules/Quantities. In the New Schedule dialog box, set the following values and then 
click OK: 


@ Category: Walls 
@ Name: Wall Demo Schedule — Phase 1 


@ Phase: New Construction — Phase 1 
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3. In the Schedule Properties dialog box, make sure you are in the Properties tab. Add the 
parameters Type and Volume to the Scheduled Fields list, as shown in Figure 10.79. 





FIGURE 10.79 FO pe oe 
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4. Click the Add Parameter button, and in the Parameter Properties dialog box set the 
following values: 


Parameter Type: Project Parameter 
Name: Demo Cost Per Unit 

Type Or Instance: Type 

Type Of Parameter: Currency 


© ©% >% è% 


Group Parameter Under: Construction 


5. Click OK to close the Parameter Properties dialog box, and then click the Calculated 
Value button in the Schedule Properties dialog box. Create a new calculated value with 
the following values. You'll need to add a calculated value in order to multiply the 
demolished walls’ volume by the cost per unit and get the total. Click the Calculated 
Value button in the Schedule Properties dialog box. We’ve divided the Volume value by 1 
CF to keep the units consistent. 


@ Name: Disposal Cost 


@ Formula or Percentage: Formula 


FIGURE 10.80 
Set the Sorting/ 
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@ ‘Type: Currency 
@ Formula: Volume /1CF x Demo Cost Per Unit 


In this formula, it is important that the spelling of each parameter be exact because 

it is case sensitive. We divided by 1 unit (cubic feet in this example) to eliminate the 
volumetric units in the equation. The result will be a number that is multiplied by the 
value assigned to the Demo Cost Per Unit parameter. 


Click OK to close the Calculated Value dialog box, and then switch to the next tab, 
Sorting /Grouping. Establish the settings to sort by Type (with the Header option) and 
then by Volume, as shown in Figure 10.80. Check the box for Grand Totals, and set the 
associated drop-down list to Totals Only. Deselect the Itemize Every Instance option. 
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Switch to the Formatting tab and select Disposal Cost. Check the Calculate Totals box, 
and then click OK to create the schedule. 


In the Properties palette, set Phase to New Construction—Phase 1 and Phase Filter to 
Demo Only. After you type a value in any of the Demo Cost Per Unit fields, the schedule 
will look similar to the image in Figure 10.81. 


For the Phase 2 demolition schedule, don’t start over. In the Project Browser, duplicate the 
previously created schedule and just change the phase in the Properties palette to New 
Construction — Phase 2. 
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FIGURE 10.81 
The completed wall <Wall Demo Schedule - Phase 1> 
demolition schedule 












CostPerCF | Disposal Cost 

Generic - Type 1 

Generic - Type 1 "57.50 CF $12.00 $1,380.00 
eee rine mua sag aa Seed pes 
Gnas tyes caring seca ‘i200 ox ‘$730.00 Ba ee eae 
Recenter i ant aaa Ši sag aee Facet e 
T A “| 77 O8¢e a Sizo aap $636 60° ar; 
comer a 7658 CF ee sizo nusas '$856 60 aaa 
TERE paiana 40138 amined sizo asiana $1318.06 PEER 
Generis typed aa a a Da 
a R ane aae ne en 

$10,432.00 


At this point in the exercise, you can drag the floor plan views, 3D views, and schedules from 
the Project Browser onto sheets for publishing, as shown in Figure 10.82. We’ll cover sheets in 
greater detail in Chapter 17, “Documenting Your Design,” but for now you can begin to become 
familiar with the process. Add the plans, 3D views, and schedule for Phase 1 to sheet A101, and 
then add the views for Phase 2 to sheet A102. 


FIGURE 10.82 
Multiple design views i 
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Using the Design Option Tool 


Everything looks great so far, but our client has asked us to prepare an alternative design for 
the second phase of construction. We’ll accomplish this within the same exercise file using the 
Design Option tool. Let’s get started with the following steps: 


1. From the status bar at the bottom of the application window, click the Design Options 
icon. In the Design Options dialog box, click the New button to create a new option set. 
Click the Rename button and name the new set Phase 2 — Proposed. Click the other New 
button to add two options, as shown in Figure 10.83. 


FIGURE 10.83 
Create a new design 


option set with two 
options. Now Editing: 


| Main Model Edit Selected 
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USING A PHASE FILTER TO START DESIGN OPTIONS 


Here’s a great tip: To isolate what you need to assign to Option 1, activate the Phase 2 floor plan, 


and then set the Phase Filter property to Show New. This will turn off any existing conditions from 
the previous phases. 


2. Activate the LEVEL 1 —- PHASE 2 PROPOSED floor plan and then select all the new 
construction elements. Switch to the Manage tab in the ribbon, and click Add To Set. 
Uncheck Option 2, as shown in Figure 10.84, and click OK. This will add everything 
selected to the primary design option. If you changed the Phase Filter property to 


help select the new construction elements, remember to set it back to Show Previous 
+ New. 
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FIGURE 10.84 

Add the primary 
design elements to 
only the first design 
option. 





3. Inthe Project Browser, duplicate LEVEL 1 —- PHASE 2 PROPOSED and rename it LEVEL 
1—-PHASE 2 PROPOSED - OPTION 2. 


This will be your working view for the second design option. 


4. Open the Visibility/Graphic Overrides dialog box and switch to the Design Options tab. 
Change the Design Option value for the design option set shown from <Automatic> to 
Option 2. Click OK to close the dialog box. 


5. From the Design Options toolbar, select Option 2 in the drop-down list to make Option 
2 active for editing and create another design iteration, as shown in Figure 10.85. When 
you are finished with the alternate layout, set the Design Options drop-down list to Main 
Model. 


6. In the Project Browser, duplicate the 3D view named PHASE 2 — PROPOSED and name 
the duplicated view PHASE 2 - PROPOSED - OPTION 2. In the Visibility/Graphic 
Overrides dialog box for the view, set Design Option to Option 2. 
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FIGURE 10.85 
Create an alternate 
design layout. 








7. Activate sheet A102 and then drag and drop the views for Option 2 onto the sheet, as 
shown in Figure 10.86. 


FIGURE 10.86 
Place the alternate 
design option views 
on a sheet. 
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SELECTING ELEMENTS IN DESIGN OPTIONS 


You might notice that you can’t select model elements that have been added to design option sets. 
There is a setting in the status bar at the bottom of the application window called Exclude Options, 
which is checked by default. When you uncheck this setting, you can select elements that are 
assigned to design options. 


If you'd like to download the completed file used for this exercise, you can find it in the 


Chapter 10 folder at this book’s web page; the file is called c10-Exercise-Finished.rvt. 


The Bottom Line 


Use the Phasing tools to create, demolish, and propose a new design. ‘Time is such an 
important element to the design process and nearly impossible to capture with traditional 
CAD tools. Don’t use phasing for construction sequencing (there’s a better way). Embrace 
phasing for communication, not just illustration. 


Master It How can you use phasing to communicate your design across a series of key 
stages? What kind of project is best suited to phasing? 


Understand and utilize groups. Groups are great for creating collections of both host and 
family component geometry. Just remember to apply best practices, and you'll avoid a lot of 
common roadblocks. Individual model elements within groups will always appear properly 
in schedules, as you'd expect. And creating exceptions in groups allows you to make subtle 

changes without creating a new group. 


Master It Why shouldn't you mirror groups? 


Create and use design options. Like groups, design options work great when you follow 
the rules. Design options are intended for design iteration that is bounded and well- 
defined—not for putting multiple buildings in one project file. Remember that links, groups, 
and phasing can exist within design options. Always keep hosted elements with their host 
when using design options. 


Master It Suppose you have a multistory tower. How could you show multiple design 
options for the entire vertical exterior enclosure? 


Chapter 11 


Visualization 


Visualization in Autodesk® Revit® software—as with any tool (even a pencil)—isn’t an exact 
science. It still requires a patient, aesthetic eye. The most important thing you can do to 
successfully visualize your work starts with one thing: the ability to listen. That’s right—it’s 
your ears that make you a great artist! You need to be able to understand what your client is 
trying to accomplish because you're not really trying to visualize something—you're trying to 
communicate something for someone else. 


In this chapter, you'll learn to: 
@ Create real-time and rendered analytic visualizations 
@ Render emotive photorealistic visualizations 


@ Understand the importance of sequencing your visualization workflow 


Explaining the Role of Visualization 


We believe that anyone can use Revit to create compelling, emotive visualizations. What’s really 
great is that your visualizations are based on the same coordinated design information you're 
using to document your project. But there are a few challenges: 


@ Creating emotive visualization is usually such a small part of your project’s overall 
workflow that it’s hard to spend the time necessary to hone your rendering skills. This is 
the reason that photorealistic renderings, both still and moving images, are often the realm 
of a specialist who deeply understands the techniques and workflow needed to create 
compelling imagery. 


@ The reality is that visualization is both art and science, but especially art. You'll never be 
able to just push a button and get a beautiful image. There’s a world of difference between 
something that’s photorealistic and something that’s emotive and compelling. In other 
words, the button says Render, not Make Beautiful. 


@ Mostimportant, visualization is about communication, something that many people 
forget to take into account. Don’t ever create a rendering until you know what you're 
trying to accomplish. You must know your audience and understand what needs to be 
communicated (keeping in mind that the person requesting the rendering isn’t always the 
intended audience). Otherwise, you'll spend hours doing something that is beautiful but 
entirely irrelevant. 
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You'll likely struggle with two important points about rendering in Revit, and unfortunately 
there’s little that you can do about it, because the two are in tension with each other: 


@ Although engineers often analyze in order to design, architects often visualize in order to 
design. But if your intent is to put all of this visual iteration into Revit just to render it, you'll 
probably get frustrated over all the entourage you're putting into a database that you want to 
keep light and flexible (particularly during early design). The reality is that Revit is most useful 
during early design to communicate analytic rather than visually representative information. 


@ You'll never be able to render out of Revit more than you put into it. The level of detail 
required to create deeply emotive and detailed visualizations is usually far greater than 
the level of detail necessary to produce accurate construction documentation. 


Even though Revit has the ability to help you create great renderings, the level of detail 
required at the beginning of a project (when analytical relationships are still being resolved) is 
too high for schematic design. Even when the project is well resolved and established, the level 
of detail required for a highly finished and photorealistic visualization is far beyond what’s 
required to complete your project documentation. So what is the point of this chapter? 

Our focus is to get you somewhere in the middle. You need to understand how Revit works, 
but you also need to understand that although something is technically feasible, it may not be 
practical from a workflow standpoint. Our goal is to help you focus on communication, not just 
visualization for its own sake. So if you're happy with visualizing your project at its current 
level of development (not too far ahead and not overly detailed), you're going to have a lot of 
success rendering with Revit software. 


ANALYTIC VS. PHOTOREALISTIC VISUALIZATION 


Throughout this chapter we will refer to basic modes of visualization as analytic as compared to 
the more advanced modes we will refer to as photorealistic. Although photorealistic visualization is 
self-explanatory, analytic visualization is the most common form of communicating with 3D views 
in Revit. You will not achieve the true realism of a photorealistic rendering, but analytic views are 
active views of the model within which you can create or analyze the design. You can even create 
a camera view with analytic graphic settings to use as a cover sheet for your document set—and 
you ll never need to remember to regenerate a rendering to update the cover image! 


Before we begin to address the two types of visualization techniques in greater detail, let’s 
review the basic controls that are available to help you configure views for further visualization. 


Understanding View Controls 


In this section, we'll describe the various visual styles that are available in the view control bar 
with regard to analytic visualization. Figure 11.1 shows the view control bar of an orthographic 
view and that of a perspective view. 


FIGURE 11.1 
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All of the icons in the view control bar refer to view properties that can also be set in the 
Properties palette. The view control bar simply gives you quicker access to the most commonly 
used settings. The first control at the left of the view control bar is the view scale. Because 
camera views are not scale specific, it simply lists the status as Perspective. 


Setting the Detail Level 


After the Scale setting, the next icon in the view control bar sets the detail level in the view 
(Figure 11.2). The Detail Level property can be set to Coarse, Medium, or Fine. 


FIGURE 11.2 
Level of detail 
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When you create a new view, the default value for Detail Level is initially determined by 
the scale of the view, as shown by switching to the Manage tab in the ribbon and clicking 
Additional Settings > Detail Level. Figure 11.3 shows the default settings. 
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Even though a default value is specified for a new view, the Detail Level setting can be 
overridden after the view is created. This fact is important for two reasons. First, changing the 
scale after the view is created will not automatically reset the level of detail. Second, rendering a 
view with a finer detail level will (generally speaking) take more time. Even though the results 
may not be visible to the naked eye, the calculations required to render what you won't be able 
to discern (because the objects are so small) will still be computed. 

When you consider this information, you will find it’s very important to render at the 
appropriate level of detail. To illustrate this, look at the two perspectives in Figure 11.4. 
Although these two views look identical, one will rotate, refresh, and render faster than the 
other because they’re set to different levels of detail. 


FIGURE 11.4 
Nonidentical views 





The reason for the differences in refresh rate at this scale is because the differences are barely 
a pixel in size. The view on the left is set to a Coarse level of detail, but the view on the right is 
set to a Fine level of detail. Although this different detail level doesn’t have much of an effect on 
the content in either view, there is a critical difference. 

The Executive Chair family has been modified so that the casters at the base of the chair 
display only at a Fine level of detail. The results are shown in Figure 11.5. 


FIGURE 11.5 
Detail level of chair 


This difference may not have a large effect on a small project, yet it can have a significant 
effect on your project when you render (not to mention the additional time it will take when you 
export and print). So be sure that before you render a view, the level of detail is appropriately 
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set. If you're far away from the building or your view is broad, a Coarse detail level is sufficient. 
But if you're zoomed in on a particular detail or part of the building (or just a single office or 
room), a Fine detail level might be more appropriate. 

We discuss the use of detail level in Chapter 14, “Designing with the Family Editor,” where 
you will learn how to apply this property to your own content families. 


Working with Graphic Display Options 

The Graphic Display Options dialog box allows you to control all of your views’ graphic options 
(Figure 11.6). These are the Model Display (which we've just reviewed) and the Shadows, Sketchy 
Lines, Lighting, Photographic Exposure, and Background settings. This dialog box also allows you to 
save Views as templates to quickly transfer the settings to other views. It’s important to understand 
how these settings impact the visualization in your view. Since we just stepped through the Model 
Display options, let’s go through the options in this dialog box to round out your understanding of 
how you can modify the view to get the desired effect in your renderings and visualizations. 
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Model Display Model Display is the first group of settings you will find in the Graphic 
Display Options dialog box. In this group, you can define settings for the visual style, 
transparency of model elements, and silhouettes. 


Likely one of the most commonly used settings, the visual style of your view can be defined 
from one of six options. The available visual styles are shown in the context of the view 
control bar in Figure 11.7. 


FIGURE 11.7 ® Graphic Display Options... 
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As we explore each of the visual styles, note that the Show Ambient Shadows setting has been 
enabled. The Wireframe view style (Figure 11.8) maintains only the edges of objects. Faces are 
hidden. Note that in Revit 2016, ambient shadows are not available in Wireframe view. 


FIGURE 11.8 
Wireframe view style 
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The Hidden Line view style keeps both the edges and faces visible (Figure 11.9). This view 
style is used by default in 2D and 3D views. 


FIGURE 11.9 
Hidden Line view 
style 





The Shaded view style shows faces in their shaded value with accentuated edges 

(Figure 11.10). Note the change in color depending on an object’s orientation. This effect is 
particularly pronounced on curved surfaces. Additionally, if you have a material applied 

to an element and that material has a color associated with it, you'll see those colors and 
patterns represented. Glazing appears clear and the shelving and desks have a wood tone 
to them. Materials with a model pattern (like the brick at the bottom of the image) will show 
their patterns as well. 


The Consistent Colors view style removes the color variation based on an object’s orientation 
to the viewer. Colors are strict interpolations of the shaded value (Figure 11.11) and therefore 
have a flatter yet more consistent appearance. The curved wall in the center of the image is 
stone, so it begins showing as a different color than the other wall types. 
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The Realistic view style provides real-time overlays of geometry with the material that will 
be used during a photorealistic rendering, as shown in Figure 11.12. In both Shaded and 
Realistic view styles, you can turn off Show Edges in the Graphic Display Options dialog box, 
whereas this mode is always on for all other styles. 


FIGURE 11.12 
Realistic view style 





The Interactive Ray Trace mode is available only in the view control bar; it is not available in 
the Graphic Display Options dialog box. When you select this mode from the view control 
bar, the application will perform a quick render of the view window based on your current 
view settings (Figure 11.13). Based on your computer’s processor, it may take a bit of time to 
render the view, but once rendered, the view remains interactive—meaning you can continue 
to navigate within the view. As you do, the rendering will dynamically update. This is a 
fairly computationally intensive view type; if you're working in this view, make sure you 
close other applications that might consume RAM or processor resources so the view you use 
is quick and fluid. 


One graphic setting in the Model Display options that’s not accessible in the view control bar 
is Transparency. This slider at the top of the Graphic Display Options dialog box allows you 
to make all the elements within the view transparent to an equal degree. In earlier versions 
of Revit, this was the Ghost Surfaces setting, but the percent of opacity/translucency was 

not modifiable. In Figure 11.14, the view has been set to 40 percent transparency with the 
Consistent Colors view style. 
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The Silhouettes option allows you to override the edges of objects in the view using your 
defined line (Figure 11.15). 


FIGURE 11.15 
Silhouettes style 








In Figure 11.16, the image on the left illustrates the view without silhouettes, and the image 
on the right shows the view with Wide Lines enabled. 


FIGURE 11.16 
No silhouettes 
vs. Wide Lines 


silhouettes 





Shadows The Shadows toggle is available in the Graphic Display Options dialog box, but 
there’s also a toggle in the view control bar. With this button, there is no flyout—simply 
select it to toggle shadows on and off based on sun settings we will discuss later in this 
chapter. The ability to turn shadows on in real time is a terrific feature that helps you add an 
improved sense of depth to your view (Figure 11.17). 


FIGURE 11.17 
Default shadows on 
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Keep a couple of things in mind when turning on shadows. First, it takes a bit longer for the 
screen to refresh when shadows are turned on. Depending on the complexity of your view 
and the size of your model, you might want to keep shadows off in your working views as 
you zoom in, zoom out, and rotate. 


Second, the default settings could use adjusting depending on how you like to have the view 
rendered. Sometimes it’s more valuable to show the space well lit than to show an exact time 
of day for the sun position. To set the sun to an angle that is not dependent on a location and 
time, choose the Sun Setting button in the Lighting group of options. This button will report 
the current preset (sunlight from top right). Clicking this button will open the Sun Settings 
dialog box (Figure 11.18). Notice that the Lighting radio button is selected and an azimuth 
and altitude are specified as being relative to the view. This will show a sun angle regardless 
of the building’s orientation or location on the globe. 
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Back in the Graphic Display Options dialog box, you also have the ability to modify the 
intensity of the sun, ambient light, and shadows with the sliders (Figure 11.19). Changing 
these can dramatically change the amount of shade or shadow that appears in your view. 


FIGURE 11.19 
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Returning to the Shadows settings, another important visualization tool is the Show Ambient 
Shadows option. Combined with other graphic options such as edge enhancements and real- 
time materials, this setting allows you to create emotive, real-time views of your project that 
do not require renderings. 


To activate ambient light and shadows, open the Graphic Display Options dialog box, expand 
the Shadows settings, and then select Show Ambient Shadows. 


The results are noticeable, particularly around the intersections of objects. Shaded elements 
are embellished by highlights in the center of objects and deeper shading at the edges. The 
result is almost a watercolor effect that considerably softens the shaded view. The effect can 
be accentuated when combined with the option to enhance the silhouette of edges for even 
more real-time effects. Figure 11.20 demonstrates the differences in effect between shadows 
with and without ambient shadows turned on. 


FIGURE 11.20 
Activating ambient 
light and shadows: 
(top) without ambient 
shadows; (bottom) 
with ambient shadows 
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Sketchy Lines You can apply the Sketchy Lines feature as a graphic display style 























(Figure 11.21). 
FIGURE 11.21 Sao 
Sketchy Lines options Sey Lie m 
for more informal Enable Sketchy Lines 
presentations Jitter: J 4 | 
Extension: | = iT 





You can adjust settings for Jitter and Extension to create unique interpretations of any visual 
style, as shown in Figure 11.22. 


FIGURE 11.22 
Sketchy Line options 
applied to a 3D view 





Lighting For most analytic view styles, only sunlight settings are available to cast 
shadows throughout your model. Lighting controls are fully enabled in the Graphic Display 
Options when Realistic mode is selected. We discuss the use of artificial lighting settings 
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for photorealistic visualization later in this chapter. If you are using Hidden Line, Shaded, 

or Consistent Colors, you will have access only to the Sun Settings dialog box we discussed 
earlier. 

Sunlight can be customized to reflect the location of your project at a specific date and time 
or a position relative to the view. We will discuss solar and shadow studies later in this 
section. 

Photographic Exposure Photographic Exposure allows you to control the color range 
within the view (Figure 11.23). This option is available only when your model display is set to 
Realistic. 


FIGURE 11.23 ~ Photographic E 
(V| Enabled 
Exposure:  (©@ Automatic 


Photographic 
Exposure settings 


Value: 14 


Image: | Color Correction ... J 





Without this setting enabled, the Realistic view types tend to be rather dark. This setting 
allows you to lighten the views and correct the highlights, shadow intensity, color saturation, 
and whitepoint to get the best possible image (Figure 11.24). Photographic Exposure also has 
an Automatic setting that allows you to let the software pick the best possible combination 
between those settings. 


FIGURE 11.24 
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Background The final settings in the Graphic Display Options dialog box are the 
Background options (Figure 11.25). 





FIGURE 11.25 
Background settings 
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Horizon Color: 





Ground Color; 


From the Background drop-down, you can choose Sky, Gradient, or Image. With the Gradient 
or Sky option, you can simulate a ground plane and horizon without rendering. This is a 
great feature if you're presenting anything live within the model environment because it 
gives a visual plane for the building to sit on. Figure 11.26 shows the effect of the default 
Gradient settings on the building section. This setting can also be used in elevation and 

3D views. 


FIGURE 11.26 
Default background 
settings applied to a 
section view 
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Working with the Section Box 


Before we get into the rendering process, let’s discuss the section box. By selecting the 
Section Box option from the Properties palette for the view, you create a rectilinear matrix 
around your project that may be pushed and pulled to isolate a portion of your project within 
the view. 

In Figure 11.27, the section box has been pulled to isolate a portion of the project. This 
technique is helpful for isolating a smaller portion of a larger project. But a word of warning: Be 
careful toggling the section box off and on. The extents of the section box will reset and you'll 
have to pull them back into place. Very frustrating! If you want to see the whole project and the 
sectional view, it’s best to use two separate views. 
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FIGURE 11.27 
Pulling the section 
box to isolate a 
portion of the project 





After you activate a section box in a 3D view and you configure the box to intersect some 
model elements, you have another graphic tool to aid in your visualization. If the Detail Level 
option of the view is set to Coarse, model elements that are intersected by the section box will 
display a color and fill override that can be customized as you see fit. From the Properties 
palette for the view, select Edit Type. When you open the type properties, you'll notice that 
there’s a Coarse Poche Material setting, which determines the color and fill pattern of the poché. 

The poché can be seen in all display types (Wireframe through Realistic), but it is displayed 
only in a view that is set to the Coarse level of detail. We recommend that you set the default 
color to black. 

Here’s why you would want the poché color to be black. As shown in Figure 11.28, the regions 
between host elements (like the walls and floors) are shown as discrete geometries. Notice that 
you can see black lines dividing the geometry where walls meet floors, and so on. 


FIGURE 11.28 
Regions between host 
elements are shown as 
discrete geometries. 





448 


FIGURE 11.29 
Coarse poché material 
set to solid black 
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You can use the Join Geometry option to clean up the lines between elements. But this 
approach is time-consuming and often leads to other problems in your file when a lot of things 
get “joined” just to create a graphic impression. 

One simple way to clean this up graphically is to select a poché color that is the same as the 
color of the lines between elements: black. Again, it’s not the most desirable result, but it’s fast, 
doesn’t require manual joining of geometry, and reads well (Figure 11.29). 





Understanding Analytic Visualization 


Now that we have covered the basic view control tools, let’s get back to the two types of 
visualization: analytic and photorealistic. To better understand the analytic concept, think 
for a moment about Google Maps and how it uses two types of visualization—there’s an 
option to view both Map and Satellite modes. Think of the Map mode as your analytic view 
and the Satellite mode as your photorealistic view. Both views are important, depending 

on what you're trying to communicate. If you're simply trying to understand directional 
information, the Map view is better. But if you’re trying to show someone what something 
looks like with regard to trees and other real-world features, the Satellite view has obvious 
advantages. 

It’s also interesting that real-time information is easier to maintain in analytic views. For 
example, Google Maps has the option to show live traffic data. But this doesn’t mean that they’re 
showing actual cars moving on actual streets in photorealistic mode. Rather, they’re color- 
coding the streets based on overall traffic patterns and movement. 

The same is going to be true when you're visualizing your project in Revit. More often 
than not, you'll have the ability to show analytic information in real time; however, producing 
photorealistic images of your project will require additional time to render your views. 

Even as you get into more of the project development and detail, materials may be a 
distraction whereas textures may not. Keeping your materials abstract and analytic allows you 
to help keep your focus on communicating the big ideas of your project. For example, does the 
spatial arrangement elegantly fulfill the design requirements? How is the vertical/horizontal 
stacking? We’ll show you how to communicate these ideas in the following sections. 
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Project Parameters 

Viewing information about your project in a variety of ways is easy, and one way to do this is 
with view filters. In this section, first you'll create a view filter based on a project parameter, and 
then you'll create one to illustrate a user-defined project parameter. A filter can be used to alter 
the default display properties of elements on a per-view basis. As you can see from the Filters 
dialog box in Figure 11.30, you can apply up to three filters to a single filter type to override the 
graphic values of 2D and 3D content as well as spaces. 


FIGURE 11.30 
The Filters dialog box 
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Figure 11.31 shows a simple example of how this works. In the view, there are walls that are 
two-hour rated. You'd be able to see this in a schedule, but how would you see it in a project 
view (2D or 3D)? You can easily show that with filters. 

To apply a filter to your view and visualize the rated walls, follow these steps: 


1. First, open the Visibility/Graphic Overrides dialog box (type VG on the keyboard or 
select it in the Properties palette) and choose the Filters tab. Click the Add button to begin 
the process of creating and applying a new filter. 


2. Select the Edit/ New button and create a new filter called Rated Walls, as shown in 
Figure 11.32. From the Categories list, check the box for Walls. In the Filter Rules group 
on the right side of the dialog box, select Fire Rating from the Filter By drop-down menu. 
Set the filter to Equals in the next drop-down, and from the third drop-down menu, 
select 2. Make sure the filter is selected in the column on the left, and click OK to add it to 
your Visibility/Graphic Overrides settings. 


3. When you return to the Visibility/Graphic Overrides dialog box, you'll need to add the 
filter to your view. Simply click Add, and select Rated Walls. 
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FIGURE 11.31 
The default 
view—unfiltered 


FIGURE 11.32 

Creating the filter, 
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4. The next step is to customize the Rated Walls filter so that items that fall into the filter 
category will have a specific graphic effect. Set the Projection/Surface override for 
Patterns to Red and Solid Fill. To do this, select the Override button in that category to 
bring up the dialog box shown in Figure 11.33. You'll also want to choose the Override 
button for both Lines and Patterns under the Cut heading and set each of their colors to 
Red, as you just did for line graphics. 
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FIGURE 11.33 
Graphic overrides 
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5. When you've finished, click OK to return to the view of the project. You'll see that the 
filter is overriding the project-defined graphics of the two-hour rated walls (Figure 11.34). 


FIGURE 11.34 
Applied filter in 
Shaded view 





What’s wonderful about this is that you're able to visually coordinate and verify your project 
schedules with project views that confirm what is being described in the schedules. This even 
works in Hidden Line view, as shown in Figure 11.35. Changing elements in the schedule or 
from the project environment will immediately update in all views of your project. 
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FIGURE 11.35 
The applied filter in 
Hidden Line view 





Setting User-defined Parameters 


Now let’s look at another example where a particular parameter you might need for a project 
is not part of the default project environment. In this example, you want to show the space as 
functionally complete—all the office furniture in place—but a lot of the content that is shown in 
the image isn’t actually in the scope of work for your contract. To demonstrate this, you want to 
show those furnishings as a separate color. To do this, you'll make two changes to the image. 
First, this kind of parameter will have to be applied across many categories of elements— 
furniture, equipment, appliances, and so on. Second, it may apply to one element but not apply 
to another element in the very same category, name, and type. For example, under the Furniture 
category, the designer can be specifying the desks and cubicles but not the chairs. To make this 
possible, you'll want to make sure you're using an instance parameter (not a type parameter). 
Here are the steps: 


1. Open the default 3D view of the model and right-click it to rename the view. Call the new 
view PHASE 2-2 HOUR RATED WALLS. In the view, return to your Filters dialog 
box by opening the Visibility/Graphic Overrides dialog box (VG) and create a new filter 
named Not In Contract. 


2. Make sure you select numerous categories of elements that you want to be able to 
distinguish as Not In Contract. For this example, we chose Electrical Equipment, 
Electrical Fixtures, Furniture, and Furniture Systems, as shown in Figure 11.36. When 
you finish, select <More Parameters...> from the Filter Rules drop-down list. 


FIGURE 11.36 
Multicategory 
selection 
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3. The Project Parameters dialog box opens. You need to make a new parameter called 
Not In Contract. Select the Add button. This will take you to the Parameter Properties 
dialog box. Type in the name of the new parameter, Not In Contract. From the Type Of 
Parameter drop-down menu, choose Yes/No. Finally, check the boxes for the following 
categories: Electrical Equipment, Electrical Fixtures, Furniture, and Furniture Systems, as 
shown in Figure 11.37. 


This user-defined project parameter will allow you to distinguish elements across a 
number of categories. 


FIGURE 11.37 
User-defined instance 
parameters 
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4. Click OK to apply your parameter to the filter. 


In this case, you're instructing Revit to override the graphics when the value of Not In 
Contract equals Yes in the Filter Rules settings (Figure 11.38). 


FIGURE 11.38 
Filter parameters 
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5. You'll return to the Filters tab in the Visibility/Graphic Overrides dialog box, where you'll 
define how the graphics will be overridden. Once again, add the filter and override the 
surface pattern with a solid yellow color. 


6. Back in the 3D view, select some elements from the categories that you've just created a 
filter for. You'll notice that as you select the object in your file, the instance parameter for 
Not In Contract is available in the Properties palette (Figure 11.39). 


FIGURE 11.39 
Instance parameters 
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7. Select the check box. 


As you do, the solid color will be applied to the components, as shown in Figure 11.40, 
because the filter that you created now applies to the elements that you've selected, even 
in Hidden Line views! 


FIGURE 11.40 

The Not In Contract 
graphic override in 
action 





Identifying Design Elements 
Another use for this process of using filters is identifying “generic” host design elements as you 
move between design iteration and design resolution. Figure 11.41 shows a filter that has been 
applied to a view to highlight any walls, floors, ceilings, or roofs that have the term Generic used 
in their family name. 

Typically in a design project, you might create a series of generic elements to replace the 
ones that have a more detailed label. Using a filter to identify those, you can quickly locate 
what needs more detail from within your project. The default template already uses the term 
generic to describe basic design host elements, which makes them easy to filter, as shown in 
Figure 11.42. 
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FIGURE 11.41 
Identifying generic 
elements 


FIGURE 11.42 
Generic host element 
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Setting Solar and Shadow Studies 


By using solar and shadow studies, you can use another analytic visual style that allows you 
to communicate natural lighting based on your project’s location, orientation, and time of year. 
The sun’s path can also be displayed (Figure 11.43), and you can edit the path of the sun both 
directly by dragging the sun or sun path within the view and indirectly through time-of-day 
settings. 


FIGURE 11.43 


Visual sun path 
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The sun path can be activated from the view control bar. You'll also notice the Sun Settings 
option in the Sun Settings pop-up menu. This setting will allow you to give an exact location, 
time, and date for the sun. Selecting Sun Settings (Figure 11.44) allows you to select the settings 
for your particular view and solar study type. This tool can be used in various view types, 
including plans, elevations, 3D, and perspectives. 


FIGURE 11.44 
Sun Settings 
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There are four types of solar studies that you can create in Revit: 


@ The Still setting allows you to create a study of a particular time, date, and location. 


@ Single Day allows you to create a study over an entire day at intervals of 15, 30, 45, and 


60 minutes. 


@ Multi-Day allows you to create a sun study over a range of dates at intervals of an hour, a 
day, a week, and a month. 


@ A Lighting study is not related to a particular time, date, or place. It’s more useful for 
adding graphic depth and texture with “sunlight” from an analytic top right or top left. 
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FIGURE 11.45 
Locating the project 
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Single images are created using the Rendering dialog box. However, animations of single- 
and multiday solar studies are created by clicking the Application menu and selecting Export > 
Images And Animations > Solar Study. 

For either single- or multiday sun studies, you can set your project location through the Sun 
Settings dialog box. In the upper-right corner is the Location button. Selecting this button will pull 
up the Location Weather And Site dialog box (Figure 11.45). Here you can select your project location 
from the map or via the Project Address drop-down menu. Select your city and click OK to close the 
dialog box. This will set the location of your project universally for this model, so if you are using 
the energy modeling tools or sun settings, or exporting the project for use in another application like 
Autodesk® 3ds Max® software, this setting will locate the project on the globe for all those uses. 
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Regardless of whether you choose to use Still, Single Day, or Multi-Day, analytic visualization 
is incredibly useful for quickly communicating information about your project in a way that isn’t 
literally associated with the actual real-world material assignments of your project elements. 
Although photorealistic visualization would render wood as “wood,” an analytic visualization 
could be used to identify which wood materials were sustainably harvested, recycled, or LEED 
(Leadership in Energy & Environmental Design)-certified. Analytic visualization is concerned with 
the actual properties of a material, not just what it looks like. Because analytic visualizations can 
often be viewed in real time, your project information remains visually concurrent and up to date. 


Understanding Photorealistic Visualization 


When compared to analytic visualization, photorealistic visualization is the expression of the 
emotive, experiential qualities of your space and content. Materials are carefully selected for 
accuracy and real-world simulation. Put another way, if analytic visualization is about what 
something means, photorealistic visualization is about how something feels or is experienced. 
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In many cases you'll find yourself tweaking materials and lighting in order to “theatrically” 
increase the visual interest of the space. Embellishing your model with nonproject entourage is 
probably essential, and we’ll cover important techniques to keep that content from cluttering up 
the views that are necessary for construction documentation. 

In the following sections, we’ll review the process for creating camera views and 
walkthroughs, and then we'll look at some of the settings that impact the outcome of the 
renderings in Revit. 


Rendering Sequence and Workflow 


You'd be surprised, but many people render in the wrong sequence. The workflow for creating 
compelling renderings is not the same one you use to resolve your design process. If you 

try to do one like the other, the result is a lot of wasted time and frustration. Consider a 
documentation-based design process to create a building that moves from intent to content: 


1. Host components (walls, floors, and roofs) 
2. Hosted components (doors and windows) 
3. Furniture, fixtures, and equipment 

4. Assembly details and documentation 


The challenge is that this process does not provide an optimal workflow for creating great 
renderings. If you're focused on the process of visualization, the ideal workflow is more along the 
lines of the following: 


1. Geometry (host and family components) 
2. Cameras (setting up your views) 

3. Lighting (using matte materials) 

4. Materials 


Yes, this is as simple as it gets: cameras, and then lights, and then materials. Ina 
documentation-based process, lights don’t usually show up until the building is well resolved 
because you're placing lights meant to be the actual fixtures to be installed in the building, 
not just for rendering. So the documentation process is simply out of sequence with the 
visualization process. 

Additionally, you need to evaluate the lighting neutrally, without materials to distract you. 
As you're placing your content, a lot of elements already have material assignments. You need to 
find a way to neutralize the material settings while you figure out lighting. Now you just need 
to put it all together! 


Creating Perspective Views 


The tasks of creating and modifying your camera views are almost as important as the model 
content you're creating. If you're not careful, you can easily fail to impress the viewer by 
selecting the wrong view and aspect ratio of the camera and controls. 

Perspective views communicate far more depth than orthographic views (Figure 11.46). Unless 
the view needs to be at dimensioned scales, we prefer to use perspective views of the project. 
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FIGURE 11.46 
Orthographic vs. 
perspective view 


FIGURE 11.47 
Placing the camerain — 
a plan view 
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To create a perspective view, switch to the View tab, locate the Create panel, and click 3D 
View > Camera. This command will not work if you are working in a drafting view, a schedule, 
or another camera view. When the Camera command is activated, you will need to pick 
two points. The first point to select is the camera location, and the second point is the target 
location. Keep in mind that when you rotate your view, the rotation is centered on the target 
elevation. If you use the Camera command in a plan view, as shown in Figure 11.47, you have the 


opportunity to specify the elevation of the camera as an exact distance from the associated level 
in the Options bar. 
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After creating a camera view, you should understand that there is a boundary box that 
defines the extents of the view defined by the camera and target locations. If you need to adjust 
these two locations (other than navigating within the camera view), you can activate the controls 
by going to another view, like a plan, and then locate the camera view in the Project Browser. 
Right-click the camera view and choose Show Camera from the context menu, as shown in 
Figure 11.48. 

Once you see the camera, you can select and move it around your project. Doing so allows 
you to move your camera closer or farther away. You can also select the clipping planes of your 
camera and edit the front and back planes of your camera’s view. 
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The aspect ratio of your camera view is also important. For example, a television ratio of 4:3 
seems far less expansive and dramatic than a 16:9 wide-screen ratio. Figure 11.49 illustrates this; 
image (a) is 4:3 and image (b) is 16:9. The result is that image (a) seems too tight and constrained, 
whereas image (b) is far more natural. 


FIGURE 11.49 
Aspect ratio 
comparison 
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FIGURE 11.49 
(continued) 





(b) 


To change the aspect ratio, select the crop region in the camera view and then click the Size 
Crop command in the contextual tab of the ribbon. In the resulting dialog box, you can change 
the aspect proportionally or non-proportionally (Figure 11.50). Keep in mind that this setting 
doesn’t zoom your camera forward and backward; it simply changes the relative height and 
width of the aperture. 





FIGURE 11.50 
The Crop Region Size 
dialog box 





You can also modify the camera position and angle on the fly using the SteeringWheels® 
(similar to other Autodesk products). Simply activate the Navigation Wheel (Figure 11.51) 
located on the right side of the view window or press Shift+W on the keyboard. You'll be able 
to zoom, pan, and orbit as well as control other view features using the Navigation Wheel. 
This tool can take some getting used to because it will “follow” your mouse pointer across 
the screen—it’s not anchored at the bottom corner as the image might suggest. This is helpful 
because it will give you a dynamic menu to change and modify your view, but don’t forget to 
turn it off before you start modifying geometry. Selecting the same button again will hide the 
tool until you need it again. 
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CD Real World Scenario 


COLLABORATING ON YOUR DESIGNS 


One of the great features of Revit software is the almost immediate visualizations you can perform 
within a model for quick yet meaningful collaboration. In many firms, the lead designers tend 
to work and think with pen and paper. Traditionally, they find it difficult to design in modeling 
software. Using the visualization tools, it’s easy for modelers and non-modelers to speak the same 
language. Being able to identify some key camera points within the model will allow you to create 
quick hidden line or shadowed perspectives that a designer can then trace over and collaborate with 
the team to drive changes in the model. Save those perspectives and they can be printed again and 
again as the design changes, allowing the designer to see the progress. 


FIGURE 11.51 
The Navigation Wheel 





Locking Your View 

After you create your view, you might want to consider locking it so it can’t be accidentally 
adjusted. Although you can’t tag elements in a perspective view, it is a good practice to lock 
camera views to preserve consistency between rendering iterations. The view-locking tools can 
be accessed from the view control bar, as shown in Figure 11.52. 


FIGURE 11.52 
Lock view settings 
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Three options are available from the Lock 3D View option. Save Orientation And Lock View 
keeps the current orientation and prohibits anyone from rotating the view. As its name implies, 
the Unlock View command unlocks the view and allows you to navigate freely. After you have 
unlocked a previously locked view and changed the view, click Restore Orientation And Lock 
View to return the view to its previously saved orientation. If you unlock a locked view and 
then choose Save Orientation And Lock View, the previously saved orientation is lost while the 
new orientation is saved and locked. 


Creating a Walkthrough 


In addition to still perspective views, you have the ability to create animation paths called 
walkthroughs. Creating a walkthrough is much like creating a series of connected camera 
views. Like any other 3D view, a walkthrough can be generated using any of the visual styles 
and settings we described previously in this chapter. In the following exercise, use the c11- 
Visualization-Start.rvt file. 


1. From your Level 1 plan view, start placing a series of cameras by setting the camera 
location and then the camera direction. 





ty Default 30 View 
Camera 


a? Walkthrough 


Note that each time you pick a location, these cameras will become the key frames in 
your animation. When you have placed the last camera, press the Esc key and your 
finished path will appear (Figure 11.53). 


2. Right-clicking the path and choosing Edit Walkthrough will allow you to manipulate 
each of the series of views that you just created. Right-click the nodes on the path and 
choose Go To View. 


If your walkthrough path is not displayed, look in the Project Browser for the 
Walkthroughs category and locate the walkthrough view you just created. Right-click it 
and select Show Camera from the context menu. 


3. Double-click the walkthrough view in the Project Browser to open the view as you would 
any of the other views. 


Figure 11.54 shows the first view in the path that we’ve just created along with the 
Walkthrough view properties from the Properties palette. 


The view you might see when you activate a walkthrough is the last frame in the camera 
path. You'll need to use the Show Camera method to select the walkthrough and then 
click Edit Walkthrough to access the frame controls. You can then use the control icons in 
the ribbon or set the Frame value to 1 in the Options bar to get to the first camera point in 
your walkthrough. 


UNDERSTANDING PHOTOREALISTIC VISUALIZATION | 465 


FIGURE 11.53 
The finished camera 
path 


FIGURE 11.54 

A walkthrough 
camera view with 
associated properties 
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FIGURE 11.55 r= 
Tiled camera and plan 


views 


6. 


7. 


Let’s modify the aspect ratio to 16:9. Select the view boundary and select Size Crop from 
the contextual tab in the ribbon. By default, the view is 6" x 4 -1/2" (150 mm x 113 mm). 
Select the Field Of View radio button and then set the Width value to 8" (200 mm). 


We're going to export a Hidden Line view for testing (especially before rendering), but we 
want to give the walkthrough more depth. So, in the Graphic Display Options dialog box 
we reviewed earlier in this chapter, under Model Display change the Silhouettes option 
to Wide Lines. 


It’s not usually desirable to simply walk with the camera facing the same direction 

that you're walking. So you're going to modify the camera directions to make the 
visualization more dynamic. This will require that you open a couple of views and tile 
the view windows, as shown in Figure 11.55. This way, you'll be able to see the results of 
your work in one view while working in another. 





Activate the plan view of Level 1, and then click the Close Hidden Windows button from 
the Quick Access toolbar. Activate the walkthrough, and then tile those views by pressing 
WT on the keyboard. Press ZA to activate the Zoom All To Fit command. 


A couple of important points should be noted. First, you’re showing the plan and the 
camera view at the same time. This allows you to see both the graphic and the analytic 
camera, which is important for modifying views. As you can see, when you select the 
boundary of the view on the right, the camera path highlights in the view on the left. 
Since the view is selected, you have the option of editing the crop size just as with any 
other camera. But you also have the option of editing the walkthrough. 


Click the Edit Walkthrough option, and you'll see the contextual toolbar, shown in Figure 11.56. 





FIGURE 11.56 


Edit Walkthrough N I> DiI Ò e 


contextual toolbar 


Modify} Properties Next Next Play Open Reset 
Frame Key Frame Walkthrough Cameras 
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When you open the Walkthrough Editor, the camera path now shows important controls 
(Figure 11.57). 


FIGURE 11.57 
Camera path and 
controls 





The red dots along the path represent key frame locations (when you placed your camera), 
and the red dot directly in front of the camera allows you to control the rotational 
direction. By default, all the cameras face ahead relative to their location on the path. 

But you can edit the default so that the camera can follow one direction but face another 
direction. 


Because the default path is 300 frames in length, it would take a long time to go to each 
frame and edit what you see. It’s better to jump ahead from key frame to key frame, editing 
fewer locations. When you do this, Revit will interpolate the frames between the key frames for 
you. As you advance through each key frame, try to experiment rotating the camera to the left 
and right as well as glancing up and down. You can do so by dragging the target point in the 
plan view or using the Navigation Wheel in the camera view. Use the Look command from the 
Navigation Wheel for best results. 
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Exporting a Walkthrough 

After you edit the key frames in the walkthrough, you can export the animation by clicking 
the Application button and choosing Export > Images And Animations > Walkthrough. 
The options to export an AVI are the same as all of the options for rendering still images 
(Figure 11.58). 


FIGURE 11.58 
Graphic format 
controls 

Output Length 
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Format 
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A 15 frames-per-second (fps) frame rate is minimal to keep the animation smooth. But if you 
increased the frame rate, the animation length would shorten and it would seem like you were 
running (rather than walking) through the scene. What can you do to have a longer animation 
without adding speed? Simply add more frames to your animation. 

From the Properties palette, open the Walkthrough Frames dialog box (Figure 11.59). By 
increasing the Total Frames value, you can also adjust the relative frames per second (fps) to 
maintain the desired speed. 

So, for example, if you wanted to increase the fps to 30 but maintain the same travel speed, 
you would also increase the Total Frames setting to 600. 

Finally, where a lot of people struggle is with the speed of their animation. Unless you're 
breaking up your animation into separate paths (which will be combined later into a single 
sequence), it’s necessary to be able to speed up or slow down your camera’s movement. In Revit, 
you can uncheck the Uniform Speed option to speed up or slow down the camera during a 
single animation study. 


Certification 
Objective 
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FIGURE 11.59 
Default frame count 
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The same visual effect plays a part in your renderings. The farther you are from something, 
the faster your camera can move as you fly by and still seem smooth and fluid. But you will 
need to slow down considerably if you’re walking through the building, where a comfortable 
pace is 6 to 8 feet (2 to 2.5 meters) per second. 

We've exported the animation from this portion of the chapter. It’s important to understand 
that when Revit exports video, it exports in an uncompressed format. The file sizes will be 
large compared to what you might be used to. Any of the videos can be brought into other 
video-editing tools (iMovie, HandBrake, Movie Maker, and so on) to compress the raw footage. 
If you want to investigate the file or animation, you can download the c11-Visualization- 
Finished.rvt file or the c11_Visualization_Animation.avi file from the Chapter 11 
folder on this book’s web page at www. sybex.com/go/masteringrevitarch2016. 


Rendering Settings 


Now that we have covered the processes to create still camera views and walkthroughs, let’s 
discuss some of the settings that are important to understand before you begin to generate 
photorealistic renderings. You can access the Rendering dialog box by clicking the teapot icon 
on the View tab in the ribbon or in the view control bar of a 3D view. Some of these settings are 
also available from the Rendering Settings dialog box, which is accessed from the Properties 
palette when you are working with a 3D view. Figure 11.60 shows the Rendering dialog box to 
the left and the Rendering Settings dialog box to the right. 
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FIGURE 11.60 os 
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USING OUTPUT SETTINGS 


An important setting in this dialog box is Resolution. It’s easy to spend far too much time 
creating a rendered view because rendering times increase exponentially when the resolution 
doubles. Think of it this way: If you're rendering a view at 150 dots per inch (dpi) and then you 
render the same view at 300 dpi, the image is now four times larger, not twice as large (1 x 1=1 
and 2 x 2 = 4). If you were to render the view at 600 dpi, it would be 16 times larger (4 x 4 = 16), 
and you could reasonably expect the 150 dpi image that rendered in a few minutes to take 
considerably longer at 600 dpi. 

How large you need to render something depends on what you're going to use it for: screen 
or print. Don’t expect a rendering the size of a 3" x 5" (75 mm x 150 mm) postcard to work for a 
3’ x 5' (900 mm x 1,500 mm) banner. 

So what resolution is big enough? Well, it’s probably better to render things a bit larger, which 
will give you some flexibility if you need to increase the size of your image later. 
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USING QUALITY AND OUTPUT SETTINGS 


Revit provides five preset Quality settings: Draft, Low, Medium, High, and Best. Figure 11.61 
illustrates the range between the Draft setting and the Best setting. These settings will control 
not only the quality of the output but also the time it takes to render. We recommend you 
perform a quicker draft render to get a feel for your scene setup before doing a rendering of 
higher quality. This will reduce the time you spend waiting for the rendering to complete in 
order to make iterative adjustments. 














FIGURE 11.61 “Render Quality Settings 
(a) Draft setting; 
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Advanced Render Settings 
General Options 
Reflechon and Transparency Options: — 
(a) 
k Quality: Pet = 
Setting: | Best 
Advanced Render Settings 
General Options 


Reflechon and Transparency Options. — 








(b) 


472 |CHAPTER11 VISUALIZATION 


The Output Settings options help you determine the level of resolution at which your image 
can be saved when rendered. The screen resolution is simply the resolution of the view on your 
monitor. 

You should be much more interested in the Printer settings because of the likelihood that 
you'll need to print your views. Again, the resolution is important, because you're printing for 
something that will be viewed at some distance (arm’s length or a few feet away) with the naked 
eye. Rendering beyond what can reasonably be seen will add a lot of time to your renderings. 
While the default printer resolutions are shown in Figure 11.62, you can input other values by 
typing them in the dialog box. 


FIGURE 11.62 | Output Settings 
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WHAT RESOLUTION SHOULD YOU USE? 


Estimating your image resolution is easy. If the image is going to be viewed on a screen, 150 dpi is 
likely sufficient and even gives you some flexibility if the image has to be slightly larger. If you need 
to print the image, 300 dpi will work the majority of the time. Now take the longest dimension of 
your image (height or width) and multiply the dimension by the needed resolution. That’s all you 
need to figure out your image pixel size. If you don’t know the size of the final image, guess big: 
perform your necessary draft renderings and make the final 2000-4000 pixels. That will work for 
any large-scale presentation or high-res monitors. 


Using Monochromatic Views to Examine Context and Lighting 


Now that we have our geometry in a sample model and we have shown you how to create 

and manipulate camera views, we will move on to lighting before discussing materials. That 
said, it is difficult to review your design geometry with realistic lighting in Revit without also 
rendering component materials. If you want to examine spatial context and lighting quality in a 
monochromatic model, we'll show you how to accomplish that technique in Revit. 

Take a look at the rendering shown in Figure 11.63, which has been created by rendering a 
camera view with all the default materials active. 

The challenge is that to get the materials correct, you'll have to commit a significant amount 
of time to selecting, testing, editing, and refining many material selections for an otherwise 
simple view that’s quite early in the design stage. You don’t have time for resolving your design 
to this level of specificity early in the iterative process. 

Figure 11.64 shows the same view rendered abstractly, with all the model objects set to a 
matte white material. 
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FIGURE 11.63 
Camera view rendered 
with default materials 


FIGURE 11.64 
Abstract rendering 
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By selecting a matte material for everything in the view, you're able to focus on form-space 
and light-shadow relationships. Using phase filters, you can create a rendering like this quickly 
and easily. This technique is much faster than trying to select neutral materials for each element 
type in your view. To begin the series of exercises in this chapter, download and open the file 
c1l1-Visualization-Start.rvt from this book’s web page. Here are the steps to create a 
matte rendering using the material overrides in Phasing: 


1. From the Project Browser, activate the 3D view named OVERHEAD CAMERA. Press VG 
on the keyboard to activate the Visibility/Graphic Overrides dialog box. In the Model 
Categories tab, uncheck the Ceilings category and then click OK. 


2. In the Properties palette, you should see the properties for this 3D view. Click the Edit 
button for Graphic Display Options to bring up the dialog box shown in Figure 11.65. Set 
Style to Shaded, and under Shadows check Show Ambient Shadows. Click OK to close the 





dialog box. 
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3. On the Manage tab in the ribbon, click the Phases button to open the Phasing dialog 
box. Select the Phase Filters tab. Click the New button to create a new row in the list of 
filters. Rename the new filter to Abstract. Change the New and Existing column values 


g> 
+ 
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Objective 


UNDERSTANDING PHOTOREALISTIC VISUALIZATION | 475 


to Overridden, and then change the Demolished and Temporary column values to Not 
Displayed. 


Switch to the Graphic Overrides tab, and then create a new material. You'll do this by 
clicking inside the Material box and then clicking the Selector button on the right. This 
will open the Material Browser. In this new dialog box, select the Create New Material 
icon at the lower-left corner. Switch to the Identity tab, change the Name to Abstract, and 
then click Apply (Figure 11.66). 
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This will give you a generic material with some predefined settings. We're going 
to customize this slightly to make it the universal material we want. Switch to the 
Appearance tab and click the Open/Closes Asset Browser icon. 


This will open the Asset Browser, which will allow you to select the attributes of a 
material to match to your new material type. In the Asset Browser, type Porcelain in the 
search bar at the top. In the Asset Browser folder tree, click on Ceramic/Porcelain under 
the Appearance Library folder and double-click on Neutral Gray to replace the asset in 
the material definition. 


This material will give the rendering a nice overall gray finish without too much 
reflectivity. Click OK to close the Material Browser. 
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6. Now assign this material to your New and Existing phase objects by selecting this same 
material for those phases (Figure 11.67). 


FIGURE 11.67 
Assigning the 
Abstract material 
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7. From the View tab in the ribbon, click the Render tool. In the Rendering dialog box, use 
the following settings: 


@ Quality: Medium 
@ Output Settings: Screen 
@ Lighting: Exterior: Sun Only 


@ Background Style: Color, with color set to White 


= 


Click the Render button and observe the results in the view window. To toggle back and 
forth between the rendered view and the shaded display, click Show The Model at the 
bottom of the Rendering dialog box. 


That’s it! When you want to render a project view with this abstract material assignment, 
simply assign the Abstract material to the graphic overrides in the Phasing dialog box and apply 
the Abstract phase filter to the properties of the camera view. 


PHASING AFFECTS THE ENTIRE PROJECT 


In the previous exercise, you created a unique phase material override to generate a specific style 
of visualization. Be aware that phasing settings will affect the entire project; therefore, if you 
are working on a project with others, your team should be made aware of these changes so other 
documentation isn’t adversely affected. 
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Adjusting Lighting and Interior Renderings 


Let’s take a closer look at an interior camera view and how to adjust natural and artificial 
lighting. You will continue with the cl11-Visualization-Start.rvt file from the book’s web 
page. From the Project Browser, activate the 3D view named RENDER - CONFERENCE ROOM. 
As you can see in Figure 11.68, we’ve already adjusted the shadows and sunlight as well as 
applied silhouette edge overrides to the live view. 


FIGURE 11.68 
Viewing an interior 
camera view in 
Hidden Line mode 





Now let’s render the view. Keep in mind that the rendered material applied to the Abstract 
phase override is solid white (which we set up earlier in this chapter), so you'll want to turn off 
the visibility of your curtain panels if you want to see through the glazing. Open the Rendering 
dialog box by clicking the teapot icon in the view control bar and choose the following settings: 


@ Quality: Medium 

@ Output Settings: Printer, set to 300 dpi 

@ Lighting: Exterior: Sun Only 

@ Background Style: Color, with color set to White 


The reason we're using Printer as the Output setting is that 300 dpi is sufficient for printing 
this page. And an 8" (200 mm) wide image will suffice for the anticipated width of this book. 

Figure 11.69 shows the results of the rendering. The scene can be viewed beyond the 
immediate space of the conference room. Take particular note of the shadows and how the 
lighting drops off from the edge of a shadow. If the rendering appears too dark or too bright, 
click the Adjust Exposure button to change the Exposure Value setting. 

Of course, this image is being rendered with the sun, which doesn’t count for interior 
renderings; it’s just a benchmark. But you can begin to see the level of detail and materiality and 
the “look and feel” of the space. Now that you know what it looks like, you can turn off the sun 
and start placing some artificial lights. 
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FIGURE 11.69 
Sun Only 
rendering 
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Because you're rendering abstractly using a phase override, everything is going to be solid 
white. But if your light source is behind a solid lens, it’s not going to render very well. The 
best way we've found to handle this is to create a unique object subcategory for the lens that 
surrounds the light source. Doing so allows you to control the visibility of the lens of the 
lighting fixture, thus preventing obstruction of the light source. Unfortunately, this approach 
will not give the most realistic effect because many lighting effects result from light passing 
through translucent objects (like lenses or shades). But it’s the best you'll be able to do for now to 
resolve lighting before you resolve materials. 

Before you can add lighting, you need to add a ceiling to the spaces. To keep things generic, 
we've added the default compound ceiling to all the spaces. It’s just a placeholder for your 
ceiling that will change later. But the important thing is that you don’t get hung up centering 
ceiling tiles during your design process. Rooms will change dimensions, and all that time spent 
centering will go to waste. 


Placing Artificial Lighting 
Activate the Level 1 ceiling plan and locate the room we have identified with a revision cloud. 
This is the room in which you will begin placing light fixtures to continue the exercise. 


1. On the Architecture tab in the ribbon, click the Component tool, and from the Type 
Selector, choose the Downlight - Recessed Can family that has been preloaded from the 
default Revit library. You can use the 6" Incandescent - 120V type. 


2. Place fixtures in the ceiling plan along the lower and right walls as shown in Figure 11.70. 
The exact dimensions aren't important—just get the idea right. 


This light family doesn’t have a lens, so you don’t have to worry about the light source being 
obscured. Before you start to render these artificial lights, we need to explain the process and 
technique of using light groups. 
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FIGURE 11.70 
Placing light fixtures 
in the ceiling 





Manipulating Light Groups 


There are times when you'll want to isolate the lights that are being calculated and rendered ina 
particular view. You might want to test the lighting that will result from having certain lights on and 
others off, just as in a real space. Revit software allows you to create light groups for this purpose. 
Doing so saves you a lot of time compared to turning individual lights off and on manually. 

By default, whenever you place lights in your project, they’re not placed in any group. They’re 
“unassigned,” just like the lights shown in Figure 11.71. You access this dialog box by clicking 
the Show Rendering Dialog tool on the view control bar and then clicking the Artificial Lights 
button in the Rendering dialog box. Here you can assign and create all kinds of light groups. 
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Besides the assignment for the light group, you also have the option of adjusting the 
Dimming value. One reason you might use this feature would be to dim some of the lighting 
and leave other lighting at full value to highlight a feature in the rendering. Let’s create two 
light groups for the conference room in this exercise. Follow these steps: 


1. Inthe Level 1 ceiling plan, select any one of the lights you placed during the previous 
exercise. From the Light Group drop-down in the Options bar, choose Edit/New. In 
the Artificial Lights dialog box, click the New button to create two groups named 
Conference - Right and Conference - Left (Figure 11.72). 


FIGURE 11.72 
Creating light groups 





2. Now assign the lights to the groups. Just select the lights in either the ceiling plan or any 
3D orthographic view, and then assign them to the light group from the Light Group 
drop-down menu in the Options bar, as shown in Figure 11.73. Place the lights in each 
group as indicated in the Level 1 ceiling plan. 
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3. Return to the camera view named RENDER - CONFERENCE ROOM. Before you 
start to render the view, let’s test the light groups by rendering only the lights in the 
Conference - Right group. To do this, from the Properties palette, open the Rendering 
Settings dialog box, and then click the Artificial Lights button. Turn off the lights in the 
left group by simply clicking the check box for that group in the Artificial Lights dialog 
box. Figure 11.74 shows the results after you render with the following settings: 


Quality: Medium 


+ 


Output Settings: Printer, set to 300 dpi 
@ Lighting: Interior: Artificial only 
@ Background Style: Color, with color set to White 
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4. Let’s complete the rendering of the space with the other light group turned on. Keep in 
mind that the more lights you have turned on in your view, the longer the calculations 
will take and, therefore, the longer it will take to render your view. Figure 11.75 shows the 
results of this second rendering. 


FIGURE 11.75 
Rendering both light 
groups 
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5. By default, the image will have a sepia tone. You can remove the sepia tone by adjusting 
the White Point value in the Exposure Control dialog box. In the Rendering Settings or 
Rendering dialog box, click the Adjust Exposure button. 


Keep in mind that what you're looking for is how the lighting affects the space. Are the 
lights too close or too far apart? We’ve added lights to brighten the room by adding the 
same lighting to the remaining two sides of the ceiling. 


6. After rendering the space with all the lights, what’s becoming apparent is that the 
lights aren't illuminating the conference table (Figure 11.76). You need to add a nice 
linear lighting source above the table in order to understand the effect that ight will 
have on the space. Again, it’s important that you do this without the distraction of 
materials. 


FIGURE 11.76 
Rendering without 
center lights 





7. Return to the Level 1 ceiling plan. We’d like to see the conference table as a reference for 
placing a new light fixture in the context of a floor plan. In the Properties palette, set the 
Underlay value to Level 1, and then set the Underlay Orientation to Plan. 


8. Start the Component tool again and from the Type Selector, choose the family named 
Pendant Light - Linear - 1 Lamp and use the type named 96" - 120V. Place one fixture 
over the conference table, as shown in Figure 11.77. You may need to rotate the fixture for 
proper alignment. 


The pendant light fixture family has a lens, but it is not assigned to a subcategory that 
can be turned off when necessary. In the next series of exercise steps, you'll assign the 
lens to anew subcategory in order to test a rendering with the lens turned off. First, open 
the Visibility/Graphic Overrides dialog box, and expand the Lighting Fixtures category. 
You will notice that the only subcategories are Hidden Lines and Light Source. This will 
change in a moment when you add Lens to the list. 
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9. Select the linear light you placed over the conference table and click Edit Family in the 
contextual tab of the ribbon to open the family in the Family Editor. Activate the 3D view 
named View 1. 


10. In the 3D view, orbit the model so that you can see the bottom of the light fixture. 
Select the main cylindrical extrusion and from the view control bar, click the 
sunglasses icon and choose Hide Element. You will then see a rectangular extrusion 
that runs the length of the fixture. Select that extrusion and in the Properties palette 
you'll see that the Subcategory value is None, but the material is set to Glass - White, 
High Luminance. Actually, it is assigned to a type parameter named Diffuser 
Material; however, this doesn’t help because we are overriding the material of all 
model objects using the abstract phasing filter we discussed previously in this 
chapter. 


11. From the Manage tab in the ribbon, click Object Styles. In the Object Styles dialog box, 
click the New button and create a new subcategory named Lens. Make sure that it is a 
subcategory of Lighting Fixtures. Click OK twice to close both dialog boxes. 


12. Select the rectangular extrusion again, and from the Properties palette set the 
Subcategory value to Lens, as shown in Figure 11.78. 
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FIGURE 11.78 
Assigning geometry 
to a subcategory 






a H E -= 
Vitna Par 


Verde a 
Vindale Graphi Cer Edit 







Hore 
Helden Iir 


Light Source 


13. From the ribbon, click Load Into Project to reload the light family into your project. At 
this point, if you were to render the view, you'd notice that light is still obscured by the 
lens, as shown in Figure 11.79. 


Eventually, the lens will use its assigned translucent material that will allow the light to 
shine through, but for rendering matte images, you don’t want the light blocked. 


FIGURE 11.79 
Rendering with an 
obscured lens 





14. Open the Visibility/Graphic Overrides dialog box for the RENDER - CONFERENCE 
ROOM camera view. Expand the Lighting Fixtures category and uncheck the Lens 
subcategory. 


15. When you render the view again, the results will look like Figure 11.80. The lens for 
the linear light isn’t showing, but this is fine. You're after the lighting effect of the 
lighting fixture. The lens will come back on when you render with all the materials 
showing. 
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FIGURE 11.80 
Rendered view with 
light lens turned off 





If you want your rendering to seem more complete than just a rendering of the building 
elements, you'll have to add entourage. But you don’t want to clutter all your views with the 
kinds of things that you want to add that will not be part of your document set. 


WORKING WITH ENTOURAGE 


Worksets are great for controlling this part of your project. By creating a workset called Entourage, 
you ll be able to place your project content on a workset where all of its visibility can be quickly 
and easily controlled. But before creating and assigning elements to this workset, make sure the 
workset is turned off by default in other views. 


This means that entourage will not show up in existing or new views until you turn it on; otherwise, 
you ll have to turn this workset off in all present and future views. This will save you a lot of time 
as you add entourage to your project. 


Assigning Materials 


Now that you have determined the right lighting effects using matte materials, you can set the 
phase filter of the interior camera view back to Show Complete. You'll also want to turn on the 
visibility for the curtain panels as well as the Lens subcategory of Lighting Fixtures. Keep in 
mind that with all the new materials, transparency, and reflectivity, it will take quite a bit longer 
to re-render the view (Figure 11.81). 

Once you render the view and you can start to see the transparency and reflectivity in 
the curtain panels, the rendering takes on a much more realistic effect. You can also see the 
materials in the table and chairs as well as the lens for the linear light above the conference 
table. 
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FIGURE 11.81 
Rendering with 
materials 





At the moment, all of the materials that are assigned to the walls in this view are based on 
the properties of the wall. And creating surface materials for every different wall would result 
in a very long list of wall types! A better method of assigning materials on a case-by-case 
basis is to use the Paint tool. Just be aware that your modeled walls might continue beyond 
the confines of the space in which you are designing, and painting a material on a surface may 
affect other spaces. 





To assign materials to host elements, select the Paint tool on the Modify tab in the ribbon. 
Select a material from the Material Browser, and then click on a surface in the model. If you 
need to remove a painted-on material, use the Remove Paint tool from the same flyout button 
you used for the Paint tool. 


Rendering in the Cloud 


In addition to rendering on your own computer, Autodesk offers the ability to render “in 
the cloud.” This term simply means that you will be sending data from your computer 

to remote computers operated by Autodesk for increased processing power and more 
flexibility. As we mentioned previously in this chapter, the rendering process can be time- 
consuming—especially when you can’t do any other work while renderings are being 
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produced. The cloud option becomes quite compelling when you consider the benefit of 
gained productivity. 

As of this writing, you can create a user account for free at 360.autodesk.com. With 
a free account, you will receive some amount of complimentary cloud credits; however, 
some cloud-rendering processes are free. For example, you can process a still rendering 
at standard resolution without using any credits. This allows you to send many draft 
renderings until you are happy with the results and then use your credits to produce the 
final rendering. 

After you create a user account, you will need to connect to the Autodesk® 360 service in the 
Info Center at the top of the application window, as shown in Figure 11.82. 


FIGURE 11.82 >| 
Sign in to the 
Autodesk 360 service. 


Type a keyword or phrase L 
Vianage Miodir o. 





Once you are connected, you can use the Render In Cloud command from the View tab in the 
ribbon. In the Render In Cloud dialog box, you can select multiple 3D views for rendering, the 
output type (still image, interactive panorama, or illuminance), image size, exposure (advanced 
or native), and file format. At the bottom of the dialog box, you can also choose to be notified via 
e-mail when the cloud rendering is complete. Once you click the Start Rendering button, a small 
amount of data will be uploaded, and then you can get back to work while the cloud works on 
your renderings! 

After you have been notified that your renderings have completed, you can access and share 
the renderings from your Autodesk 360 web space (Figure 11.83). Each image has contextual 
commands that include the ability to download the file and adjust the exposure levels. 
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The Bottom Line 


Create real-time and rendered analytic visualizations. Analytic visualization is the 
concept of communicating information about your project in a nonliteral way, and it’s very 
important! It’s not about showing real materials in the project but about using filters to 
visualize important metadata. 


Master It During the renovation of a space, you want to reuse the doors rather than 
throw them away. How would you illustrate this? 


Render emotive photorealistic visualizations. Photorealistic visualization is about 
communicating design ideas but in emotive ways that are much closer to how the space 
will be experienced, including real lighting, materials, and entourage. Just remember that 
the time it takes to calculate and render your views will change dramatically based on the 
quality and resolution of your views. 


Master It Would the rendering for a PowerPoint presentation differ from a rendering 
being printed for a marketing brochure? 


Understand the importance of sequencing your visualization workflow. The sequence 

of design—building, content, materials, and cameras—is not the same as the sequence for 
visualization (geometry/cameras, lighting, materials). Lighting is far more important than 
materials of actual objects. Get the lighting right and the materials will look great, but not the 
other way around. 


Master It How do you create a rendering environment that replaces the actual materials 
with matte materials in order to study the effects of lighting on your design? 








Extended Modeling 
Techniques 


In Part 3 we covered a variety of topics that are primarily useful in—although not exclusive to— 
the earlier design phases of a project. As you continue to develop your designs, there will be an 
increased specificity to the elements required in the building information model. You will need 
to expand your knowledge of the fundamental components of a building model, including walls, 
floors, roofs, stairs, and railings. In addition, you will likely be required to understand and create 
your own families. This part will dig deep into the rich, component-building skills necessary for 
mastering Autodesk® Revit® Architecture software. 
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Chapter 12: 
Chapter 13: 
Chapter 14: 
Chapter 15: 


Creating Walls and Curtain Walls 
Modeling Floors, Ceilings, and Roofs 
Designing with the Family Editor 
Creating Stairs and Railings 





Creating Walls and Curtain Walls 


According to the American Institute of Architects (AIA) document G202-2013 Project BIM 
Protocol Form, there are five levels of model development, ranging from 100 to 500. If you 
examine excerpts from the model content requirements describing each level of development 
(LOD) for the design professions—LOD 100, LOD 200, and LOD 300—the evolution of modeling 
granularity becomes apparent. Although LOD 100 represents a conceptual level of information 
defined as “overall building massing,” LOD 200 and LOD 300 are represented by “generalized 
systems or assemblies” and “specific assemblies,” respectively. This chapter will help you create 
walls that comply with both LOD 200 and LOD 300. 

Four different kinds of walls can be created: basic walls, stacked walls, curtain walls, and 
in-place walls. In this chapter, you'll explore the skills you'll need to create and customize 
walls to meet the needs of your design. You will also dive into the new and exciting realm of 
complex curtain wall and panel generation made possible with the conceptual massing tools in 
Autodesk® Revit® Architecture software. 

In this chapter, you'll learn to: 


Use extended modeling techniques for basic walls 


@ Create stacked walls 
@ Create simple curtain walls 
@ Create complex curtain walls 


Using Extended Modeling Techniques for Basic Walls 


As you might already know, walls in the Revit environment are made from layers of materials 
that act as generic placeholders for design layouts to complete assemblies representative of 
actual construction. These layers are assigned functions that allow them to react to similar 
layers in other walls as well as in floors and roofs. The function assignments within object 
assemblies give you a predictable graphic representation when you join these types of 
overlapping elements. 

After you become familiar with the basic modeling functions for walls, you'll probably 
need to create your own wall types to achieve more complex designs. As you also add more 
information into the source of your building model, you will be able to extract more useful 
results through intelligent tagging and schedules. In the following sections, we'll show you how 
to get the most out of your basic wall types. 
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Creating Basic Wall Types 


Walls and curtain walls are system families, which means they exist in a project but cannot be 
saved as individual families outside of the project file (as RFA files). Other system families 
include floors, ceilings, roofs, stairs, railings, and mullions. There are only three ways to create 
or add new system families to your project: 


@ Duplicate a type from one that already exists and modify its properties. 


@ Copy and paste them in as objects from one project to another or group them from one 
project to another. 


@ Use the Transfer Project Standards tool. 


In Chapter 4, “Configuring Templates and Standards,” we discussed different strategies for 
managing standard content through the use of templates. If you have a series of standard wall 
types you use on every project, you have the option of either storing them in your main project 
template using the subtractive method or storing them in separate container project folders in 
an additive method. If you need to make new, custom types that are not part of your template, 
you can create new wall types on the fly at any stage of a project by duplicating existing types, 
adding or removing wall layers, and adjusting the parameters to meet your requirements. 
Regardless of which method you employ to manage templates and standard system families, we 
will show you how to create and customize your own wall types in the following sections. 


Certina on Within a project file, you can access and edit a wall type in one of two ways: 


Objecti 
ge @ Inthe Project Browser, scroll down to the Families category, locate any wall type, right- 
click it, and select Properties, or simply double-click the wall type name. 


@ Selecta wallin the model or start the Wall command, open the Properties palette, and click 
Edit Type. 


The Type Properties dialog box will appear (Figure 12.1). If you don’t see the graphic preview 
to the left, click the Preview button at the bottom of the dialog box. 
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USING FUNCTION AND GRAPHICS TYPE PROPERTIES 


You can assign basic parameters to the type properties of a wall such as Type Mark, Assembly 
Code, Type Comments, Fire Rating, Cost, and so on. In addition to these parameters, there are 
two other type properties that are important to understand: Function and Coarse Scale Fill 
Pattern. The Function type property of walls is a simple list of values, but it can be used in very 
powerful ways. A wall’s function can be used to filter schedules or views—for example, if you 
wanted to hide interior walls for a series of drawings showing only core and shell (exterior) 
elements. The Function property also affects the default placement behavior when you create 
new walls. The behaviors associated with each function are as follows: 


Interior—Default height for new walls is set to the level above the active level. 
Exterior—Default height is Unconnected: 20'-0" (8 m). 

Foundation—Default height is determined as Depth, specified down from the active level. 
Retaining—Default height is Unconnected: 6'-0" (2 m). 

Soffit—Default height is Unconnected: 1-0" (250 mm). 


©% ©% ©% è 


Core-shaft—Default height is Unconnected: 20'-0" (8 m). 


You can also use the Function type property when you export to CAD formats. You can 
export walls of different functions to specific layers assigned in the Modify DWG/DXF 
Export Setup dialog box, shown in Figure 12.2. Refer to Chapter 7, “Interoperability: Working 
Multiplatform,” for more information on exporting. 


FIGURE 12.2 
Wall functions can be 
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Certification 
Objective 


The Coarse Scale Fill Pattern type property (along with Coarse Scale Fill Color) defines a fill 
pattern to be applied to the wall type when a view’s Detail Level is set to Coarse. These settings 
are an important tool to help you communicate your designs more effectively. For example, you 
might want to set all the fire-rated wall types to display with a red solid fill for coarse views. 
Using these type properties for walls is a slightly different approach than you might use for 
design plans in which you want all wall types to display with a black solid fill. For the design 
plan approach, you can override the fill pattern for the Walls category in the Visibility/Graphic 
Overrides dialog box for a view or a view template. 

When the Detail Level property of a view is set to Medium or Fine, the individual layers of 
a wall type’s structure are visible—including any fill patterns that are assigned to the materials 
in the wall structure (you'll learn more about wall structure in the next section of this chapter). 
When Detail Level is set to Coarse, the wall type is displayed only with the pattern defined in 
the Coarse Scale Fill Pattern parameter—if one is defined. This property is best explored with 
the generic masonry wall types in the default project templates. 

Create a new project with any Autodesk default project template, and then place a wall 
segment using the type Generic - 8" Masonry (Generic - 225 mm Masonry) in a plan view that is 
set to Coarse. You will see that a fill pattern is displayed. What you are seeing is the fill pattern 
that is assigned to the Coarse Scale Fill Pattern type property of the wall—not the pattern that 
is assigned to the material within the wall structure. Select the generic wall segment you just 
created, and in the Properties palette click Edit Type. Change the Coarse Scale Fill Pattern to No 
Pattern, and then click OK to close all open dialog boxes. No fill pattern will appear for this wall 
type in a coarse view. From the view control bar, set the Detail Level to Medium, and you will 
then see the fill pattern as it is defined in the material within the wall structure. 


EDITING WALL STRUCTURES 


We will first discuss editing a wall type’s structure. To access these settings, click the Edit 
button in the Structure parameter field. This will open the Edit Assembly dialog box, shown in 
Figure 12.3. From here you can add or delete wall layers, define their materials, move layers in 
and out of the core boundaries, and assign functions to each layer. You can also add sweeps and 
reveals or modify the vertical constraints of the layers. 

This dialog box is divided into four zones: the Preview window, the Layers table, the Default 
Wrapping option, and the Modify Vertical Structure options (which are active only when the 
preview is set to section display). The area above the Layers zone holds basic reporting about the 
wall type: its family name, sample height in the Preview window, and thickness and thermal 
properties. 


Preview Window On the left side of the dialog box, you will see a graphic preview of the 
wall structure in plan or section. If you didn’t activate it in the Type Properties dialog box, 
click the Preview button at the bottom of the dialog box. To switch from the default plan 
view to the section view or vice versa, click the drop-down list next to View to choose an 
alternate viewing option. In the preview, the core boundaries of the wall are shown with 
green lines. Note that in the section preview, each wall layer is highlighted in blue when 
you select a row in the Layers table. Also note that you can change the height of the wall 
shown in the section preview by modifying the Sample Height value in the upper-right part 
of the dialog box. You can use any mouse-based navigation method to adjust the preview as 
well as activate the SteeringWheels® feature by clicking the button at the bottom left of the 
dialog box. 
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FIGURE 12.3 

The Edit Assembly 
dialog box lets 

you define the 
construction layers of 
a wall type. 
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The Layers table is where you add, delete, move, and define layers of the wall 


structure. Each wall layer is represented as a separate row of information. Two of the rows 
are gray, representing the core boundaries of the wall, which will be discussed in greater 
detail later in this chapter in the section “Creating a Wall Core.” The table is divided into five 
columns (Function, Material, Thickness, Wraps, and Structural Material): 


Function This column provides six choices for wall layer functions that relate to the 
purpose of the material in the assembly. Each of these functions defines a priority that 
determines how it joins with other walls, floors, and roofs. Note that the numeric priority 
is more important to understand than the name of the function itself. 


@ Structure [1] defines the structural components of the wall that should support the 
rest of the wall layers. This function gives the highest priority to a wall layer and 
allows it to join with other structural layers by cutting through lower-priority layers. 


@ Substrate [2] defines continuous board materials such as plywood, particle, and gyp- 


sum board. 


Thermal/Air [3] defines the wall’s thermal insulation layer and/or an air gap. 


The Membrane Layer is a zero-thickness material that usually represents vapor 


prevention. 


@ Finish 1 [4] specifies a finish layer to use if you have only one layer of finish. 


@ Finish 2 [5] specifies a secondary, weaker finish layer. 


With the exception of the Membrane Layer, which has no priority assigned, all the other 
layers have a priority value from 1 to 5. These priorities determine how to clean up the 
intersections between various layers when two or more walls are joined. The principle is 
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simply explained: Priority 1 is the highest and 5 is the lowest. A layer that has a priority 
of 1 will cut through any other layer with a lower priority (2, 3, 4, or 5). A layer with 
priority 2 will cut through layers with priority 3, 4, or 5, and so on. In Figure 12.4, layers 
with the same priority clean up when the two intersecting walls are joined. Notice the 
way the finish layers don’t join on the right side of the vertical wall, because one has a 
priority 4 and the other is priority 5. 


FIGURE 12.4 

Layers with the same 
priority clean up when 
joined. 





Material Associating a material to a wall layer provides graphic (color, cut/surface 
patterns, and render appearance), identifiable (mark, keynote, description, and so 

on), and physical characteristics (for analysis purposes) for each wall layer. Using 
material takeoffs, you can calculate quantities of individual materials used in wall 
assemblies throughout your project. Keynoting and material tagging functionality are 
also supported through wall layers and are discussed in greater detail in Chapter 18, 
“Annotating Your Design.” 


A material definition also affects cleanup between layers of joined walls. If the priority 
of the layers is the same and the material is the same, the software cleans up the join 
between these two layers. If the priority of the layers is the same, but the materials are 
different, the two layers are separated graphically with a thin line. In Figure 12.5 the 
structure layer of one of the joined walls was simply changed from Metal - Stud Layer to 
Metal - Stud Layer 2. 


FIGURE 12.5 

Two layers with the 
same priority but 
different materials. 
‘The separation 
between the two 
layers is indicated 
with a thin line. 





Thickness This value represents the actual thickness of the material. Note that the 
membrane layer is the only layer that can have a thickness of zero. 


Wraps Wall layers rarely end with exposed edges at wall ends or wall openings, 
windows, or doors. This option allows a layer to wrap around other layers when an 
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opening or wall end is encountered. Figure 12.6 illustrates the layer wrapping of the outer 
wall layer based on the closure plane defined in the window family. Layer wrapping will 
be covered in greater detail later in this chapter. 


FIGURE 12.6 

Layer wrapping is a 
result of a coordinated 
approach between 
wall layers and hosted 
families such as 
windows. 





Structural Material This value represents whether the material within the wall 
assembly is load bearing or structurally significant in any way. In the example shown 
earlier in Figure 12.3, you can see that the Structure [1] functional material, Concrete 
Masonry Units, was given a check mark by default. 


Default Wrapping Although you can specify whether each wall layer will wrap in the 
Layers table, you must also specify whether these options are activated at all in the wall type. 
To use this option, you must decide whether the wrapping should occur at openings, wall 
ends, or both. For inserts, you can choose Do Not Wrap, Exterior, Interior, or Both. Similarly, 
for wall ends the options are None, Exterior, and Interior. The default wrapping parameters 
appear in both the Edit Assembly dialog box and the wall’s Type Properties dialog box. Refer 
to the “Creating Layer Wrapping” section in this chapter for more detailed information about 
wrapping. 

Modify Vertical Structure These settings are available only when you enable the section 
view in the Preview window. In this area of the Edit Assembly dialog box, you can add 
articulation to the wall type using any combination of cornices, reveals, trims, and panels. 
We will discuss these in the section “Adding Wall Articulation” later in this chapter. 


In summary, editing a wall type’s structure begins with adding or deleting wall layers. Each 
layer is assigned a priority, material, thickness, and wrapping option. To move layers up and 
down in the table or to add and remove layers, use the buttons at the bottom of the Layers table. 
Next, we will cover some more complex aspects of wall structure in greater detail: wall cores and 


layer wrapping. 


CREATING A WALL CORE 


One of the unique functions of a basic wall is its ability to identify a core. The wall core is more 
than a layer of material; in fact, it can comprise several material layers. It defines the structural 
part of the wall and influences the behavior of the wall and how it interacts with other elements 
in the model. The core boundaries are references to which you can dimension or constrain 
sketch lines when you use the Pick Walls selection option for floors, ceilings, or roofs. 
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The example shown in Figure 12.7 illustrates a sample floor in Sketch mode where the outer 
core boundary of the wall was selected using the Pick Walls method. The core boundaries of the 
wall are shown as dashed lines for clarity. 


FIGURE 12.7 

A wall’s outer core 
boundary is used to 
define an edge of the 
floor. 





When floors generated with the Pick Walls method intersect the walls that were picked 
during Sketch mode, you will receive a prompt to automatically join the geometry and cut the 
overlapping volume out of the wall. 


The floor/roof overlaps the highlighted wall(s). 
Would you like to join geometry and cut the 
overlapping volume out of the wall(s)? 
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If you click Yes to this message and examine the intersection of the wall and floor in a section 
view, you will see the result of the joined elements (Figure 12.8). Note that you can get the 
joining prompt to appear again simply by selecting the floor, clicking the Edit Boundary button 
in the ribbon, and then clicking Finish Edit Mode (green check mark icon). If any portion of the 
selected floor and related walls still overlap but are not joined, the prompt will be displayed. 


FIGURE 12.8 
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CREATING LAYER WRAPPING 


To create a layer-wrapping solution for openings that reflect real-world conditions, you must 
define two settings. First, select the layer(s) of the wall structure you want to wrap and check 
the boxes in the Wraps column of the Edit Assembly dialog box. You must then specify the 
default wrapping behavior for the wall type. These default settings can be set in either the Edit 
Assembly or Type Parameters dialog box, as shown in Figure 12.9. 


FIGURE 12.9 
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Specifying the layer wrap settings in the wall type alone may not be sufficient to generate 
the graphic results you desire. Another set of rules established in hosted families allows you to 
further customize how layers in a wall will wrap to inserted objects. The following exercise will 
illustrate this functionality. 
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Begin by opening the file c12-Wall-Wrapping.rvt or c12-Wall-Wrapping-Metric.rvt 
from this book’s web page, ww.sybex.com/go/masteringrevitarch2016. Activate the Level 1 
floor plan, and you should see a wall with an inserted window. 

Next, follow these steps to create the wall wrap: 


1. Select the wall, open the Properties palette, and click Edit Type. 


Notice that Wrapping At Inserts is set to Do Not Wrap and Wrapping At Ends is set to 
None. 


2. Click OK to close the Type Parameters dialog box. 


3. Select the inserted window and click Edit Family on the Modify | Windows tab in the 
ribbon. 


4. When the Window family opens, go to the Project Browser and activate the floor plan 
named Floor Line. 


You will notice that this window family has been slightly modified from the original 
Fixed window family in the Revit default library. Two reference planes have been added 
that allow the depth of the window frame and the wall wrapping to be customized. 


5. Select the reference plane that is parallel to the window and just below the window panel. 
Its name should be displayed at the right end of the plane as Closure. In the Properties 
palette find the parameter named Wall Closure and make sure the option is checked, as 
shown in Figure 12.10. 


FIGURE 12.10 | 
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Create a dimension between the exterior face of the sample wall and the Wall Closure 
reference plane. 


You may need to use the Tab key to ensure that you have selected the wall reference and 
not the centerline of the wall or any other extraneous reference plane. 


Press the Esc key or click the Modify button to exit the dimension command, and select 
the dimension you just created. 


8. On the Options bar, find the Label drop-down list and choose <Add Parameter. ..>. 


9. In the Parameter Properties dialog box, type Exterior Wall Closure in the Name field and 


10. 


11. 


12. 


13. 


14. 


15. 


click OK to close the dialog box. 


Click Load Into Project from the Family Editor panel in the ribbon. You may be prompted 
to select a project or family if you have more than the two sample files open. When 
prompted with the Family Already Exists dialog box, select Overwrite The Existing 
Version. 


In the Level 1 floor plan of the example project, select the wall and click Edit Type from 
the Properties palette. From the Structure parameter, click Edit. 


In the Edit Assembly dialog box, find row 1, which will have a function of Finish 1 [4], 
and the material Masonry - Brick. Make sure the Wraps option is checked. 


Set the Wrapping At Inserts option to Exterior, and click OK to close both dialog boxes. 


You should now see the masonry layer wrapping into the opening in the wall created by 
the inserted window. You can now customize the depth at which the brick will wrap. 


Select the window and click Edit Type from the Properties palette. Find the Exterior Wall 
Closure parameter and change the value to 0-6 5/8" (170 mm). 


Click OK to close the Type Properties dialog box. Notice how the depth of the wrapped 
masonry layer changes in the plan view. 


ne 











Adding Wall Articulation 


If you need to develop more complex and articulated finishes expressed horizontally along the 
vertical surfaces of certain walls, you can customize wall types in a variety of ways to achieve 
just about any aesthetic effect. Reveals and sweeps can be added to a wall type, and you can edit 
the vertical extents of material layers. You can find a good example of this kind of wall in the 
default project template. The wall type Exterior - Brick and CMU on MTL. Stud (Figure 12.11) 
contains a variety of sweeps, reveals, and vertical modifications of material layers. 
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FIGURE 12.11 
Sample wall with 
added articulation 





To access these settings, select any wall in your project and click Edit Type in the Properties 
palette. You can also find the wall type in the Project Browser; double-click it to open the Type 
Properties dialog box. Once it is open, make sure the preview pane is open and the view in 
the preview is set to Section. Within the Type Parameters options, click the Edit button in the 
Structure field to open the Edit Assembly dialog box, and begin modifying the layers and 
vertical articulation of the wall type, as shown in Figure 12.12. 


FIGURE 12.12 
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In the following sections, we’ll examine how to create these types of articulation in your 
wall type. To begin the exercises, download and open the file c12-Wall-Articulation.rvt 
or c12-Wall-Articulation-Metric.rvt from this book’s web page. There are two samples 
of the Exterior - Brick on Mtl. Stud wall type. You will create a new wall type based on this wall 
throughout the following exercises. 
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ASSIGNING TWO DIFFERENT MATERIALS ON THE FINISH FACE OF A WALL 


We will begin our series of exercises by creating a new wall type based on an existing layered 
wall structure. Activate the Level 1 floor plan, select the two wall segments in the exercise file, 
and then click Edit Type in the Properties palette. In the Type Properties dialog box, click the 
Duplicate button and create a new wall type named Mastering - Wall Exercise. 

Now let’s assume that you need to create a partial region of the finish face where the material 
is different but is of the same thickness. For example, you might want to use a split-face concrete 
block at the base of the wall instead of brick: 


1: 


Activate the default 3D view and select one segment of wall in the view. From the 
Properties palette, click Edit Type, and in the Type Properties dialog box, click the Edit 
button in the Structure field to open the Edit Assembly dialog box. 


Make sure the Preview pane is open and the view is set to Section. 


In the upper right of the Edit Assembly dialog box, change the Sample Height value to 
6-0" (2000 mm). 


Use either the SteeringWheels button at the lower left of the dialog box or your mouse 
wheel to zoom into the shorter segment of wall in the Preview pane. 


Click the Split Region button under Modify Vertical Structure, and move your mouse 
pointer along the inside face of the brick layer to a point 4'-0" (1,200 mm) above the 
bottom of the sample, as shown in Figure 12.13. 


When you split the layer, the thickness value of the layer indicates it is variable. 


FIGURE 12.13 
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4. Select row 2 in the Layers list, and then click the Insert button to add another row 
immediately below the first exterior layer. Change its function to Finish 1 and its material 
to Concrete Masonry Units. To open the Material Browser, select the material assignment 
under the Material column. Using the Graphics tab, set the cut pattern to Masonry — 
Concrete Block. Then click OK to close the Material Browser dialog box. 


3. Click the Assign Layers button, select the new row you created in the previous step, and 
then click inside the lower portion of the split region in the section preview. 


When the layer is properly assigned to the split region, you will see the fill pattern 
change to diagonal crosshatch. 


6. Click OK to close all open dialog boxes and save your project for additional exercises in 
this chapter. 


After you assign a material row to a split layer, you'll notice that the thickness values of the 
two layers are linked but you can’t change them in the table. To change the thickness of a split 
wall layer, click the Modify button and select one of the faces in the section preview. Edit the 
temporary dimensions in the section preview to change the thickness of the layer. 

You may also notice that once a layer is split and an additional layer is assigned to the split 
portion, the resulting portions can only be the same thickness. In the previous exercise, you 
split a brick masonry layer to create a region of concrete masonry units (CMU). Although this 
may achieve the desired graphic result in an elevation view, does it accurately represent the 
construction of the wall if the CMU is intended to be thicker than the brick masonry? To create 
a similar result with a vertical layer of varying thickness, you will need to create a stacked wall. 
We will discuss this later in the section “Creating Stacked Walls.” 

If you encounter a situation where you need to merge horizontal or vertical layers that 
already exist in a wall type, use the Merge Regions button and select a line in the section 
preview between two layers. Once the mouse pointer is over a line between two layers, an arrow 
indicating which layer will override the other appears, as shown in Figure 12.14. 


FIGURE 12.14 
(a) Merge vertical 
layers; (b) merge 
layers that were 
previously split. 


g 


z 


Rind 
oe 
foe 


Ry 


Lee 


ae 


. 
x 
io 


+ 


J 


* 
C2 

oe 

os 


Ree 
cao? 
Gon 





(a) 


ADDING SWEEPS AND REVEALS 


Many walls have horizontal articulations that are either attached to or embedded in the wall assembly. 
Cornices, soldier courses, and reveals are examples of elements that can be incorporated into wall 
types. To begin adding these, we will continue our previous exercise of creating a new wall type 
named Mastering - Wall Exercise. In the following exercise, you will add a bullnose sweep to the wall: 


1. Return to the wall’s type properties and open the Edit Assembly dialog box. 
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2. Click the Sweeps button to open the Wall Sweeps dialog box. Click the Load Profile 
button and open the file c12-Profile-Bullnose.rfa or c12-Profile-Bullnose- 
Metric.rfa, which can be downloaded from this book’s companion web page. 


3. Click the Add button to insert a sweep row. Change the values in the row as follows: 


Profile: c12-Profile-Bullnose: Type 1 
Material: Concrete, Precast 
Distance: 4'-0" (1,200 mm) 

From: Base 

Side: Exterior 

Cuts Wall: Checked 

Cuttable: Checked 


©% ©% ©% >% >% ọ% 


4. Click Apply and you should see the sweep appear just above the split region, as shown in 


Figure 12.15, 


Notice that the loaded profile was created for predictable results when placed in a wall 
assembly. For your own wall, you may need to adjust the offset, flip, and setback values to 
achieve the desired results. Next, you'll add a different profile to the same assembly. 
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5. Click OK to close the Wall Sweeps dialog box. In the Edit Assembly dialog box, change 
the Sample Height value to 12'-0" (3650 mm) so that the next sweep addition won't conflict 
with the one you just added. Adjust the section view as required to see the whole wall. 


6. Click Sweeps to reopen the Wall Sweeps dialog box. Click Load Profile again and 
navigate to the default library. From the Profiles folder select the Walls folder, and 
select either Cornice-Precast.rfaorM_Cornice-Precast.rfa. 
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If you cannot locate these files in your default library, you can download them from this 
book’s web page. 


7. Click Add to create another new row and change the values in the row as follows: 
Profile: Cornice-Precast or M_Cornice-Precast (Metric) 

Material: Concrete, Precast 

Distance: 0'-0" 

From: Top 

Side: Exterior 

Offset: —0'-3 5/8" (-90 mm) 

Cuts Wall: Unchecked 


©% ©% ©% è 


> 


Notice that the order of the rows is automatically adjusted, based on the vertical relationship 
of the sweeps added to the wall. Click OK to close the Wall Sweeps dialog box. 


A negative value for Offset was specified to bring the cornice sweep into the exterior 
finish layer. Vertical adjustments can be made by assigning positive or negative values in 
the Distance column. 


a 


Click OK to close all open dialog boxes, and save the project file for additional exercises 
in this chapter. 


The process to create reveals is almost identical to that used to create sweeps. Simply click 
the Reveals button to open the Reveals dialog box. Experiment with adding your own reveals to 
the wall type you're creating throughout this chapter’s exercises. We’ve added two reveals to the 
wall assembly (Figure 12.16) using the default Reveal-Brick Course profile family. 


FIGURE 12.16 fuk Anembly 
Reveals have 
been added to the 
compound wall 
assembly. 
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In the default 3D view, switch to the Modify tab in the ribbon, and in the Clipboard panel, 
choose the Match Type Properties tool. Click the Mastering - Wall Exercise wall segment. The 
mouse pointer will change to a filled paintbrush, indicating that an existing type is ready to be 
applied to another object. Select the other wall segment to apply the Mastering - Wall Exercise 
type. When the types of the two wall segments in the exercise file are matched, you'll see how 
nicely the sweeps wrap around corners in a 3D or camera view, as shown in Figure 12.17. 


FIGURE 12.17 cn 
Camera view of i 
compound wall with 
reveals and sweeps 





MODIFYING WALL SWEEP RETURNS 


In the previous exercises, you learned how to include sweeps and reveals in the assembly of a 
wall type; however, you can also apply a sweep to a wall if it’s needed only in a limited location. 
For example, you might need to create a chair rail molding in one special room. To accomplish 
this, go to the Architecture tab in the ribbon and click Wall and then Wall Sweep. You can 

place a sweep on a wall vertically or horizontally by changing the placement option in the 
ribbon while the Wall Sweep tool is active. Select a wall sweep type from the Properties palette, 
and pick the wall faces to which you'd like to apply the sweep. If necessary, the sweep can be 
adjusted vertically in an elevation or section view. 


MOVING WALL SWEEPS BETWEEN PROJECTS 


Although profile families from RFA files can be used in wall sweep type properties, a wall sweep is 
a system family that exists only in a Revit project. New sweep types can be created only by using 
the Transfer Project Standards tool or by duplicating existing types within your active project. 
And keep in mind that once wall sweeps are added to your project, they can be scheduled like any 
other project component. 
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We have created a sample chair rail sweep on the interior face of the walls in the c12-Wall- 
Articulation.rvt exercise file. In the default 3D view, orbit the model to view the interior 
faces. Let’s take a look at how to customize the returns of a wall sweep: 


1. Select the sweep and it will display grips at each end. Zoom the view closer to the end of 
the sweep that is aligned with the end of the wall segment. 


2. Click the Modify Returns button in the contextual tab of the ribbon. 


There are some additional settings in the Options bar. 


Modify | Wall Sweeps | Return Options: Straight Cut @ Return Angle:| 90.000° 





You can change the angle of the return or return it to a straight cut, but for now leave the 
options as Return and Angle = 90°. 


3. You'll notice that the mouse pointer changes to a knife symbol. Click the end of the sweep 
and then press Esc or use the Modify tool to exit the command. 


4. Select the sweep again, and drag the grip at the endpoint you just modified to adjust the 
length of the sweep return around the corner of the wall. 


Figure 12.18 shows how the return can be wrapped around the edge of a wall. 


FIGURE 12.18 
Modified wall sweep 
returns: (a) without 
the return; (b) with 
the return checked 
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Modeling Techniques for Basic Walls 


In the previous sections, we explored methods to create a variation within the structure of a 
basic wall type. When you begin to use these types to assemble your building model, you have 
still more methods at your disposal to further customize how walls are applied. Let’s take a look 
at techniques you can use for modeling basic walls once they are placed in a project. You can use 
some of these techniques for stacked walls and curtain walls as well. 


EXTENDING WALL LAYERS 


In many types of construction, you'll need layers of materials to extend within or beyond the 
constraints of the wall. Some common examples include the extension of sheathing and siding 
on an exterior wall or gypsum wallboard extending only slightly above the ceiling for interior 
partitions (Figure 12.19). 


FIGURE 12.19 
Examples of wall 
layers extending 

past or within the 
constraints of the wall 


USING EXTENDED MODELING TECHNIQUES FOR BASIC WALLS 


Enabling the extension of layers within a wall assembly requires you to unlock specific 
edges in the section preview of the Edit Assembly dialog box. Once layers have been unlocked, 
an instance parameter of the wall becomes active: either Base Extension Distance or Top 


Extension Distance (depending on which edges you unlocked). You can enter this value directly 


in the Properties palette or adjust it graphically in a section view by dragging the small blue 
triangle control at the edge of the unlocked layer. Let’s go through an exercise to explore this 
functionality: 


1. 


From the Architecture tab of the ribbon, click the Wall tool and from the Type Selector 
choose either the Generic - 5" or Generic - 200 mm type. Click Edit Type to open the Type 
Properties dialog box. 


2. Click the Duplicate button, and name the new type Exterior Siding. 


3. Click Edit in the Structure field to open the Edit Assembly dialog box. 


4. Add anew layer to the exterior of the wall, set its function to Finish (4), use the material 


Siding, Clapboard, and assign a thickness of 3/4" (18 mm). 


5. Open the Preview pane and switch to section view. Zoom into the bottom of the wall. 


Select the Modify button and click the bottom edge of the exterior siding layer. Click the 
padlock icon to unlock the layer (Figure 12.20). 


You can unlock as many layers as you like; however, the unlocked layers all need to be 
adjacent. For example, you cannot unlock wallboard layers on both sides of a framing 
layer. 


The siding layer is now unlocked. Click OK to close all open dialog boxes. With the Wall 
tool still active, create a segment of wall in the project using the Exterior Siding type. 


Press Esc or click the Modify button, and then select the segment of wall you just created. 


In the Properties palette, you'll see that the Base Extension Distance parameter is now 
enabled. Change the value to —10" (-250 mm) for this parameter and observe the wall in 
the default 3D view. 
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FIGURE 12.20 

Using the Modify 
button, click the 
padlock icon to unlock 
layers. 
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You'll see that the siding layer is now extending 10" (250 mm) below the base of the wall, 
as shown in Figure 12.21. 


FIGURE 12.21 

(a) Modifying the wall 
layer to have a base 
extension; (b) the 
resultant wall with 

an extended siding 
condition 
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8. Create a section view that intersects this wall segment, and then set the Detail Level in 
the section view to Medium or Fine. Select the wall, and you will see grips at the base of 
the wall indicating the layers that can be modified (Figure 12.22). 


FIGURE 12.22 
Unlocked layers 

can be modified in 

a section view by 
dragging or with the 


Level 1_ a 


Align or Move tool. 





You can drag the controls to the required offset or use the Align tool to set the unlocked edge 
to another reference object. If you use the Tab key to select just the edge, you can use the Move 
tool to set a precise distance as well. 

There are also controls for layers that are locked. Editing the wall with a control of a locked 
layer changes the Base Offset or Top Offset value and will automatically adjust any Base 
Extension or Top Extension distances you previously established. 


EDITING WALL JOINS 


In another common design and construction scenario, you may need to specifically control 

how two or more walls behave when they intersect. There are a number of ways to customize 
these occurrences. Let’s examine two scenarios where wall joins may need to be edited: phasing 
conditions and acute angled corners. 

When you create a model for a renovation of an existing building, you will likely create 
elements that are existing, demolished, and new. In the example shown in Figure 12.23, a new 
wall and a wall to be demolished are intersecting an existing wall. Notice that the walls are 
cleaning up with each other as they normally would if they were all in the same phase. 


FIGURE 12.23 Existing 
Wall joins will 





clean up by default 
regardless of phasing. 


LJ 
New Demolished 
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If you would like to change the graphic behavior of the new and demolished walls when they 
intersect the existing wall, follow these steps: 


1. Select the new or demolished wall. Right-click the grip control at the end of the wall 
you'd like to modify and select Disallow Join. 


This will cause the walls to overlap, as shown in Figure 12.24. 





FIGURE 12.24 
Walls with disallowed o Ee a SH 
joins will overlap. | 
| | 
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2. To complete the operation, you can use the Trim/Extend Single Element or Trim/Extend 
Multiple Elements tool, or simply drag the endpoints of the walls to create the most 
appropriate intersecting condition (Figure 12.25). 


FIGURE 12.25 — 


Use Trim/Extend or 
drag wall endpoints 
to complete the 
modification. 


P For walls that meet at an acute angle, you can use the Edit Wall Joins tool to control the 
||! resolution of the intersection: 


1. From the Modify tab in the ribbon, locate the Geometry panel and select the Wall Joins tool. 
2. Hover your mouse pointer over an intersection of two walls at an acute angle. 
You will see a box appear around conditions that can be modified with this tool (Figure 12.26). 


FIGURE 12.26 
Use the Wall Joins 
tool to modify 
intersecting wall 
conditions. 
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3. In the Options bar, you will see a number of choices to help you customize the joining 
condition between the walls related to the selection. 


Configuration 


Previous || Next |9) Butt D Miter Squayeoff | Display |Use View Settin x| | @ Allow Join |" Disallow Join 


4. Tocycle through the available options, choose one of the joining types (Butt, Miter, or 
Square Off), and then click the Previous or Next button. Some options are shown in 
Figure 12.27. 


FIGURE 12.27 
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Certification MODIFYING WALL PROFILES 
Objective ’ . . "n . ' 
An important extended modeling technique for walls is the ability to customize the elevation 


profile of a wall segment. There are two ways you can accomplish this: by attaching the wall’s 
top or base to another element or by editing the sketch profile of the wall. You can apply these 
methodes to basic walls, stacked walls, and curtain walls. 

To attach a wall to another element, select a wall segment and you will see the Attach Top/ 
Base button in the contextual Modify tab. Once this command is activated, select either Top or 
Base, and then pick an object. Walls can be attached to roofs, ceilings, floors, reference planes, 


and even other walls. Figure 12.28 shows a stacked wall that has been attached to a curvilinear 
roof by extrusion. 


FIGURE 12.28 ee, 
Stacked wall attached 
to an extruded roof 
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When you use the attach method, be mindful of how the software treats walls that are 
attached to other objects. After you use this method, the instance parameters Top Is Attached 
and Base Is Attached will show the status of the selected wall’s attachment. These are read- 
only parameters and are for information only. Be aware that the top constraint and any other 
offset or height value will not display the actual height of the wall when it is attached to 
something. For example, if a wall whose base constraint is Level 1 and top constraint is Level 
4 is attached to a floor slab on Level 2, the wall’s top constraint will still be listed as Level 4 
in the Properties palette. This anomaly does not affect other calculations such as wall length, 
area, and volume. 


AUTOMATICALLY ATTACHING WALLS TO FLOORS 


When you create a standard floor by sketching a boundary, the floor is hosted on a specific level. 
After you complete the boundary sketch and finish the editing mode, Revit offers you some help 
to attach walls to the floor. Any wall whose top constraint is the level on which the floor is hosted 
can be automatically attached to the bottom of the floor. 


Would you like walls that go up to this floor's 
level to attach to its bottom? 


[Nos 





As a bonus, you can access this functionality at any time—not just when you create a floor. If you 
forgot to attach the walls to the floor when you first modeled the floor, simply select the floor and 
then click Edit Boundary. Click the Finish Edit Mode button, and you should be prompted to attach 
walls to the floor. 


The other method of modifying wall profiles is to edit the sketch profile of the wall. To do 
this, select a wall and click the Edit Profile button in the contextual Modify tab. This will open a 
Sketch mode in which you can draw a new boundary for any edge of the wall shape, as shown 
in Figure 12.29. Click Finish Edit Mode to complete the operation. 


Creating Custom In-Place Walls 


If you are working on traditional architecture, restoration of historic buildings, or free-form 
design, you may need to create walls that are irregular in shape. The Model In-Place tool, 

found in the Component drop-down list on the Architecture tab, lets you create any wall style 
independent of the constraints of the layer structure described in the previous sections of this 
chapter. Figure 12.30 shows an example of such a wall created with the solid geometry tools also 
found in the Family Editor. 
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FIGURE 12.29 

The sketch elevation 
boundary fora 
stacked wall instance 
is edited. 


FIGURE 12.30 
Manually constructed 
wall used to create 
non-vertical surfaces 





You can refer to Chapter 14, “Designing with the Family Editor,” to explore the various 
modeling techniques available in the Model In-Place mode. Remember that the selection of the 
family category is important to the behavior of the custom geometry. Select the Walls category 
to allow your custom elements to be scheduled with other walls and to place hosted elements 
such as doors and windows. 


certification Creating Stacked Walls 


Objective 


Walls in a building—especially exterior walls—are often composed of several wall types made 
out of different material combinations and with different widths that stack one on top of another 
over the height of the facade. Because these walls usually sit on top of a foundation wall, you 
would likely want to establish an intelligent relationship among the different wall assemblies so 
the entire facade acts as one wall (for example, when the foundation wall moves and you expect 
walls on top of the foundation to also move). This is where stacked walls can help. 
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Stacked walls allow you to create a single wall entity composed of different wall types 
stacked on top of each other. Before you can create a stacked wall, you need to download some 
basic wall types into your project. So follow these steps to download a variety of stacked walls 
and then modify one of them: 


1. Download and open the file c12-Stacked-Walls.rvt or c12-Stacked-Walls- 
Metric.rvt from this book’s web page. Activate the Level 1 floor plan view. 


2. From the Architecture tab in the ribbon, pick the Wall tool and select Stacked Wall: 
Exterior — Brick Over Block W Metal Stud (you can find stacked wall types at the bottom 
of the list in the Type Selector). Draw a segment of wall in the Level 1 floor plan, and then 
exit the Wall command. 


3. Select the wall segment, and in the Properties palette click the Edit Type button. Click the 
Duplicate button to create a new stacked wall named Mastering Stacked Wall. 


4. Click the Edit button in the Structure field to open the Edit Assembly dialog box. Open 
the preview pane and set the view to Section. 


When youre editing the stacked wall type, you'll notice that the Edit Assembly dialog 
box (Figure 12.31) is slightly different than when you're working with a basic wall. Rather 
than editing individual layers, in this dialog box you are editing stacked wall types and 
their relationships to each other. 


FIGURE 12.31 










The Edit Assembly Stacked Wall 
dialog box for stacked Mastering Stacked Wal 
walls Core Centerine | Sample Height: Y o 
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3. Click the Insert button to add a new wall to the stacked wall assembly. A new row 
appears in the list and allows you to define a new wall. Select the Generic - 12" (Generic - 
300 mm) wall type from the Name list, and enter a Height of 10'-0" (3 m) (the Width value 
is not important in this exercise). 
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6. At the top of the dialog box, find the Offset drop-down list and change the setting to 
Finish Face: Interior. 


This will align the interior faces of the stacked walls and allow you to use the Offset field 
in the Types table to adjust each stacked wall type in a predictable manner. 


7. Select the row of the generic wall type by clicking the row’s number label at the left side 
of the table. Click the Variable button to allow the wall to vary in height to adjust with 
varying level heights. 


Note that one row must have a variable height, but only one row in the assembly can be 
assigned as such. All others must have a specific height value. 


8. Go back to the Level 1 floor plan and draw a new wall with the Mastering Stacked Wall 
type, setting its top constraint to Level 3 in the Options bar or in the Properties palette. 


9. Cut a section through the model, and change the heights of Level 1 and Level 3 to see the 
effect this has on the wall (make sure the level of detail in the section is set to Medium so 
you can see the layers of the wall). 


You'll see that changing Level 2 does not change the bottom walls because they are of a 
fixed height; however, changing the height of Level 3 changes the height of the variable wall. 


At any time, you can break down a stacked wall into its individual wall types. To do this, 
select a stacked wall, right-click, and select Break Up. Once a stacked wall is broken up, the 
walls become independent, and there is no way to reassemble them back to a stacked wall. The 
base constraint and base offset of each subwall are the same as the stacked wall. For example, if 
the stacked wall was placed on Level 1, the base constraint for an upper subwall would still be 
Level 1, with the height difference accounted for in the wall’s Base Offset parameter. This can be 
modified in the Properties palette if necessary. 

The following important notes about stacked walls are from the Revit user’s guide (from the 
section “Vertically Stacked Wall Notes”): 


@ When you create a wall schedule, vertically stacked walls do not schedule, but their 
subwalls do. 


@ When you edit the elevation profile of a stacked wall, you edit one main profile. If you 
break up the stacked wall, each subwall retains its edited profile. 


Subwalls can host sweeps; stacked walls cannot. 


Subwalls cannot be in different phases, worksets, or design options from those of the 
stacked wall. 


@ ‘Toplace inserts such as doors and windows ina stacked wall, you may need to use the Pick 
Primary Host tool to switch between subwalls composing the stacked wall. For example, 
the door shown in Figure 12.32 is outside the upper wall because the main host of the door 
is the bottom subwall. 


To place the door properly, select it and then choose Pick Primary Host from the Modify | 
Doors tab in the Host panel. Place your mouse pointer over the wall and select the upper 
subwall (you may need to press the Tab key to select the correct component). The door will then 
be properly hosted in the upper wall, as shown in Figure 12.33. 
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FIGURE 12.32 
Inserts may not host 
correctly in vertically 
stacked walls. 





FIGURE 12.33 

Use the Pick Primary 
Host tool to adjust 
inserts in stacked 
walls. 





Creating Simple Curtain Walls 


Curtain walls and curtain systems are unique wall types that allow you to embed divisions, 
mullions, and panels directly into the wall. They have a distinct set of properties yet still share 
many characteristics of basic walls. A curtain system has the same inherent properties as a 
curtain wall, but it is used when you need to apply a curtain wall to a face. Curtain systems are 
usually nonrectangular in shape, such as the glazed dome shown in Figure 12.34. 
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FIGURE 12.34 
Glazed dome created 
with a curtain system 


CHAPTER12 CREATING WALLS AND CURTAIN WALLS 





Before we explore the creation and modification of curtain wall types, you should become 


familiar with the fundamental components of this object type in Revit. A curtain wall is defined 
by the following elements and subcomponents: 


The Curtain Wall A curtain wall is drawn like a basic wall and is available in the Type 
Selector when the Wall tool is activated. It has top and bottom constraints, can be attached 
to roofs or reference planes, can have its elevation profile edited, and is scheduled as a 
wall type. When a curtain wall is selected in a model, the overall curtain wall definition is 
displayed as a dashed line with extensions at both ends of the segment. 





The dashed line of the overall curtain wall definition represents the location line of the 
wall. This is important if you are placing a curtain system on a face because the placement 
will be based on the location line. The location line of a curtain wall also determines the 
measurement of the room area. Even if the Room Area Computation option is set to Wall 
Finish, a room’s area will be measured to a curtain wall’s location line. 


So how do you adjust the location line of a curtain wall? This is accomplished by modifying 
the offsets in the mullions and panels you assign to a curtain wall or system. We’ll cover this 
process in the section “Customizing Curtain Wall Types” later in this chapter. 


Curtain Grids These are used to lay out a grid, defining the physical divisions of the 
curtain wall. You can lay out grids freely as a combination of horizontal and vertical 
segments, or they can be predefined in a curtain wall’s type properties in regular spacing 
intervals. Figure 12.35 shows a freely designed layout of curtain grids and expressive curtain 
panels in between. 
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Mullions These represent the structural profiles on a glass facade, and they follow the 
curtain grid geometry. Mullions can be vertical or horizontal and can be customized to any 
shape based on a mullion profile family. Offsets specified in a mullion’s type properties affect 
how the mullion is placed relative to the curtain wall’s location line. 


Curtain Panels These fill in the space between the curtain grids. Offsets in a curtain 
panel’s type properties determine how the panel is placed relative to the curtain wall’s 
location line. Curtain panels are always one of the following: 


Empty Panels No panel is placed between the grids. 


Glazed Panels These can be made out of different types of glass that can have any color 
or transparency. 


Solid Panels Panels can be created with custom geometry in the Family Editor and can 
include anything from doors and spandrels to shadow boxes and solar fins. 


Wall Types as Infill When you have a panel selected, you can also choose a basic wall 
type from the Type Selector to fill the space between the curtain grids. All wall types in 
the project will be available for your selection. An example of this application would be 
interior office partitions in which the lower portion is a standard wall and glass panels 
fill the upper portion. 


Designing a Curtain Wall 

Let’s go through a quick exercise to become familiar with the creation of a simple curtain wall. To 
create a curtain wall, you can either model a standard wall and change its type to Curtain Wall or 
select a curtain wall type from the Type Selector when the Wall tool is active. Here are the steps: 


1. From the Architecture tab in the ribbon, select the Wall tool. From the Type Selector (in 
the Properties palette) select Curtain Wall 1. 
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2: 


In the Level 1 floor plan, draw a single curtain wall. Go to a 3D view to see the result. 


The basic curtain wall definition has no predefined grids or mullions. The wall segment 
you see is just one big system panel that you will need to divide. If you create a curved 
segment for a curtain wall, the panels are always straight segments. Thus, if you draw a 
curved segment in the plan with the Curtain Wall 1 family, there will be only one straight 
panel segment between the endpoints of the curve until you start to divide it up with 
curtain grids. Revit doesn’t allow for curved glazing outside of a custom family. 


Divide the wall into panels using the Curtain Grid tool from the Architecture tab. 
Position your mouse pointer over the edges of the wall to get a preview of where the grid 
will be placed (select a vertical edge to place a horizontal grid or select a horizontal edge 
to place a vertical grid). 


There are some snapping options when you are placing curtain grids that will help you 
divide the panels and subsequent divisions at midpoints and thirds. Watch the status bar 
for snapping prompts because there are no graphic indicators of the snapped positions 
other than the mouse pointer pausing. Place grids on the wall segment so that you get 
something like the wall shown in Figure 12.36. 


FIGURE 12.36 
Curtain wall witha 


few manually applied 


grids 





Certification 
Objective 
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4. From the Architecture tab, select the Mullion tool. 


Notice that you can select from a variety of mullion types in the Type Selector; however, 
the default choice is adequate for this exercise. At the right end of the ribbon, you will 
see the Placement panel with three options for placing mullions: Grid Line, Grid Line 
Segment, and All Grid Lines. You can place mullions on the curtain wall using any of 
these methods. Give each a try to see how they work. 


REPLACING PANELS AND MULLIONS 


Next, you'll replace panels in the wall you just created. As we explained earlier, panels are 
subcomponents of the overall curtain wall, so you may need to press the Tab key to select 
a panel and view its properties. Special selection tools for curtain walls are available in the 
context menu when you highlight a mullion or a panel. 

In the following exercise, you will replace the narrow band of glazing panels with solid panels: 


1. Ina 3D view, select one of the glazing panels in the narrow horizontal band (press the 
Tab key to select it if necessary). 


2. Right-click and choose Select Panels > Along Horizontal Grid, as shown in Figure 12.37. 
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3. With all the glazing panels selected along the horizontal grid, go to the Type Selector and 
find the type named Solid under the Family System panel (note that the Glazing panel 
type is in the same family as the Solid panel). 


CUSTOMIZING CURTAIN GRID SEGMENTS 


In the last part of this exercise, you will practice the techniques for adding or removing 
segments of curtain grids in order to refine your curtain wall design. 


UNDERSTANDING THE CURTAIN “GRID” 


One important fact to remember when working with curtain grids is that they are always implied 
across the extent of the curtain wall. When we say they are implied, we mean they are not neces- 
sarily expressed on all panel segments. In other words, although a curtain grid is always expressed 
from one end of the wall to the other, you can decide if the grid divides every panel it crosses. 


To become more familiar with this technique, you will add a curtain grid to the midpoint of 
the right-center panel and delete the division between the two panels to the left of the added 
erid, as shown in Figure 12.38. 


FIGURE 12.38 
Individual grid lines 
are added or deleted 
to further customize 
the design. 
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Follow these steps: 


1. Begin by activating the Curtain Grid tool from the Architecture tab. In the Placement panel at 
the right end of the ribbon, click the One Segment button. Hover your mouse pointer over the 
bottom edge of the right-center panel and snap to the midpoint of the panel (Figure 12.39). 


FIGURE 12.39 

A single segment is 

added to the center 

panel of the curtain 
wall. 





2. The second step is tricky. You do not continue creating another division in the short panel 
above the center panel. Instead, press the Esc key or click the Modify tool to exit the 
Curtain Grid command. Select the vertical grid line you created in step 1 (you may need 
to press the Tab key until you see the dashed line indicating the curtain grid). 


Notice that the grid extends the entire height of the wall (Figure 12.40). 


FIGURE 12.40 
Select the curtain 
grid in order to add 
or remove individual 
segments along it. 





526 


CHAPTER12 CREATING WALLS AND CURTAIN WALLS 


3. 


FIGURE 12.41 
Mullions are applied 
to the segment added 
in the center panels. 


5. 


6. 


With the curtain grid selected, click the Add/Remove Segments button in the Modify | 
Curtain Grids panel of the Modify tab. Pick the segment of the curtain grid that passes 
through the short panel. Press the Esc key, and you should see that the short panel is also 
split in half. 


Activate the Mullion tool and place mullions on the division between the two center 
panels, as shown in Figure 12.41. 





Press the Esc key or click Modify. Select and delete the horizontal mullion between the 
two left panels (this step is optional). 


Similar to the process of adding grid segments, select the horizontal curtain grid below 
the narrow band and click the Add/Remove Segments button in the ribbon. Click the 
segment in the left-center panel. 


If you did not delete the mullion in step 5, a warning will appear prompting you to delete 
the mullion segment. The result should look like the wall shown in Figure 12.42. 
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FIGURE 12.42 

A segment was 
removed from the left 
panel to complete the 
customized design. 





PLACING DOORS IN CURTAIN WALLS 


In the next exercise of this topic, you will swap one of the curtain panels for a door panel. Door 

families for curtain walls can be found in the Doors folder of the Revit default library, but they 

behave differently than regular doors. The height and width of the curtain wall door are driven 
by the curtain grids—not the type properties of the door. Follow these steps: 


1. From the Insert tab on the ribbon, locate the Load From Library panel and click the 
Load Family button. Navigate to the Doors folder of the Revit default library and load 
the Door-Curtain-Wall-DoubLle-GLlass.rfaorM_Door-Curtain-Wall-Double- 
Glass.rfa family. 


If you can’t find these default families, you can download them from this book’s web 
page. 
2. Zoom into the bottom-middle panel in your curtain wall. Delete the mullion under this 


segment, as shown in Figure 12.43. (You don’t want to have a tripping hazard at your 
door!) Remember, you may have to press the Tab key to select the mullion. 
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3. Select the bottom-middle panel and go to the Type Selector. Find the door family you just 
loaded and select it from the list so the results look like the wall in Figure 12.44. 


The door swing can be adjusted in the plan as with any other door. 


FIGURE 12.44 
System glazing panel 
has been swapped for 
a double door panel 
family. 


SS 
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PLACING CORNER MULLIONS 


Revit includes special mullions to be used at the corners of two curtain walls. These mullion 
types are unique in that only one is needed to connect two wall segments. In the default 
project template, you will find four corner mullion types, as shown in Figure 12.45: (a) V Corner 
Mullion, (b) Quad Corner Mullion, (c) L Corner Mullion, and (d) Trapezoid Corner Mullion. 


FIGURE 12.45 
Available curtain wall 
corner mullions 
(a) (b) (c) (d) 


Corner mullions cannot be customized beyond the shapes included in the Revit project 
template; however, you can modify the material assigned to the mullions as well as the offset 
and depth dimensions in the type properties. When you use corner mullions between two 
segments of curtain wall, they will automatically adjust to the angle between the segments, as 
shown in Figure 12.46. 


FIGURE 12.46 
Corner mullions 
adapt to angles 
between curtain wall 
segments. 





Before you place a corner mullion, make sure the endpoints of the two curtain wall segments 
are cleanly connected. You can drag the endpoint controls of the walls or use the Trim/Extend 
To Corner tool. To place a corner mullion, simply use the Mullion tool and select one of the 
corner edges of either one of the wall segments. If you have already placed a regular mullion at 
the end of a curtain wall segment, select the mullions along the vertical edge, and then use the 
Type Selector to choose a corner mullion type. Remember that you can use the context menu 
(right-click and select Mullions > On Gridline) to make the selection easy. 


Customizing Curtain Wall Types 


In the previous exercises, you learned the fundamental techniques of building a simple but 
custom curtain wall design. To reap some additional productivity from the curtain wall tool, 
you can predefine almost all the properties necessary to generate a complete curtain wall 
assembly simply by placing the wall in your project. In the following sections, we will examine 
one of the curtain wall types included with the default project template. 
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Download and open the file c12-Simple-Curtain-Wall.rvt or c12-Simple-Curtain- 
Wall-Metric.rvt from this book’s web page. Switch to a 3D view, and you will see that the 
wall already has vertical and horizontal divisions along with mullions placed on the divisions, 
as shown in Figure 12.47. 


FIGURE 12.47 
Sample curtain wall 
storefront type 





Select the sample of storefront wall in the exercise file and click the Edit Type button in the 
Properties palette. The settings that drive the generation of this type of wall are relatively easy 
to understand. Let’s review some important options related to these properties: 


Automatically Embed When you enable this option, any instance of this curtain wall type 
will embed itself inside other wall segments. This is useful for modeling extended areas of 
ribbon or strip glazing (Figure 12.48) instead of using a window family. 


FIGURE 12.48 

The Automatically 
Embed option allows 
curtain walls to be 
placed inside basic 
walls. 
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Join Condition This option defines the behavior of the mullion joins. It can be one of the 
following: 


Not Defined (join conditions can be overridden as necessary) 
Vertical Grid Continuous 
Horizontal Grid Continuous 


Border And Vertical Grid Continuous 


© ¢ è% 


Border And Horizontal Grid Continuous 


Display In Hidden Views This option allows you to control the graphic display of 
individual components over several views. The options for this can be one of the following: 


Edges Hidden By Other Members (the default) 


@ Edges Hidden By Element Itself 
@ AllEdges 
@ None 


Grid Pattern: Layout There are four options to define how the vertical and horizontal grids 
will be arranged in your curtain wall: 


Fixed Distance The most common setting, which allows you to specify spacing 
between gridlines. Leftover panel segments must be accounted for in the overall length of 
the wall. 


Fixed Number Divides the wall segment into equally spaced panels. When you 
select this option, the Spacing parameter becomes disabled. In its place, a new integer 
parameter named Number will appear in the instance properties. 


Maximum Spacing Indicates the maximum spacing distance. Curtain panels will be 
equally divided over the length of the wall segment, not to exceed the Spacing value. 


Minimum Spacing Indicates the minimum spacing distance. Curtain panels will be 
equally divided over the length of the wall segment, no smaller than the Spacing value. 


Mullions This option allows you to specify the mullions that will be automatically 
applied to the curtain wall. Corner mullions can be applied to either Border 1 or Border 2 
for the vertical mullions, but use them carefully—their resolution at corners will depend 
on how you construct your wall segments. For example, if you define a corner mullion 
for Border 1 and none for Border 2, you must construct all curtain wall segments of this 
type in a uniform direction. If you model one wall segment from left to right and another 
from right to left, you will have overlapping mullions at one corner and none at the other 
corner. 


MODIFYING PINNED PANELS AND MULLIONS 


You may have already noticed that when a panel or mullion is selected from a predefined 
curtain wall type, it appears with a pushpin icon. This indicates that this element is part of a 
system and cannot be changed without additional action. 
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To change or delete a predefined panel or mullion in a curtain wall instance, select the element 
and click the pushpin icon. The icon will change to a pushpin with a red X next to it. At this point, 
you can change the element using the Type Selector or delete it (only mullions can be deleted). 


PIN WITH CARE 


Be careful when you attempt to unpin elements from a curtain wall because you cannot re-pin 
back to the predefined system. Within the active Revit session, you may be able to return to an 
unpinned curtain wall element and still find the unpinned icon. This allows you to fix any acci- 
dental unpinning, but once your project is closed and reopened, you can no longer reassociate the 
unpinned elements. 


CREATING CUSTOM CURTAIN PANELS 


A curtain panel does not have to be confined to a simple extrusion of glass or solid material. You 
can create any kind of panel family to satisfy your design requirements. When creating a new 
panel, be sure to select the Curtain Wall Panel.rftorMetric Curtain Wall Panel.rft 
family template file. The width and height of the panel are not explicitly specified in the family; 
instead, the outermost reference planes will adapt to the divisions in the curtain wall into 

which the panel is embedded. If required, you can adjust the panel geometry to offset within 

or beyond the reference plane boundaries in the family. This is useful for creating butt-glazed 
curtain wall assemblies. The following feature contains examples of situations where you might 
want to consider custom curtain wall panels. 


G) Real World Scenario 


SPIDER FITTINGS AND SUNSHADES 


Generic models can be nested in a curtain panel family. In the example shown here, two instances 
of the spider component are placed on one edge of the panel. Visibility parameters are assigned to 
the two spider fittings that enable either the top or bottom spider to be displayed as needed. The 
spider fittings were downloaded from RevitCity.com, and the sunshade is a Kawneer model 1600 
SunShade - Planar, downloaded from Autodesk® Seek (http: //seek. autodesk.com). 


a p . ee 
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Spandrel and Shadowbox Often in glazing applications, the spacing of horizontal 
members will consist of a pattern including a narrow band or spandrel to mask the floor and 
ceiling sandwich. Revit software does not currently have the ability to define two spacing 
values, but you can create the spandrel or shadowbox in a single panel family. In the example 
shown here, the spandrel height is a type property of the custom panel family. Standard 
mullions are applied to the wall. 








n 


Louvers Our last example shows how metal louvers can be embedded in a curtain panel 
family. The image shown here is a panel developed with a nested generic model. The louver 
fins are arranged in a parametric array within the generic model, and then the generic model 
is placed in the panel. The edges of the louver array are constrained to the reference planes in 
the panel. This parametric louver curtain panel was downloaded from RevitCity.com. 
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Creating Complex Curtain Walls 


Often at the early stages of design, as an architect or designer you need to be able to model 
curtain wall systems that indicate more complex design intent. These systems need to be flexible 
and light enough to allow you to explore design iteration, but they also need to be robust and 
detailed enough to be useful as your project moves from concept to design development and 
then on to fabrication. 

In Revit you can build complex curtain walls using massing tools. There are two potential 
workflows. You can model your curtain wall system directly within the project environment 
from massing forms, or you can build it as a family within a conceptual design environment. 
Both of these methods are quite similar, but we prefer to use the conceptual design environment 
because the complexity of modeled elements, such as adaptive components, is better managed in 
a file that is separate from the project environment. 


Project Environment You can build your forms directly within your project environment 
using the in-place massing tools. When walls are constructed through the In-Place Mass tool, 
the conceptual design environment does not have 3D reference planes and 3D levels. 


Essentially, to create a complex curtain wall within the project environment, you're going to 
follow these simple steps: 


1. Create an in-place mass in the project environment. 
2. Divide the surface. 
3. Apply a surface pattern. 


4. Replace the surface pattern with a pattern-based curtain panel family. 


Conceptual Design Environment You create your curtain wall designs in the Revit 
conceptual design environment (CDE), which is a type of Family Editor. These forms reside 
outside the project environment. You can then reference these massing families into a project 
environment, allowing you to explore contextual relationships with the building form. 


To create a complex curtain wall within the conceptual design environment, you're going to 
follow these simple steps: 


- Build a new conceptual mass in the Family Editor. 


Divide the surface. 


Apply a surface pattern. 


Replace the surface pattern with a pattern-based curtain panel family. 


vu Aà W N Ħa 


. Load it into your project. 


You start by designing a conceptual form that will represent the shape and form of the 
surface of the curtain wall. You are then able to subdivide the surface of this form using a 
grid system, referred to as a UV grid. Because surfaces are not always planar (flat), a UVW 
coordinate system is used to plot location across the surface. This grid system automatically 
adjusts, following the natural contours of a nonplanar surface or form. The UV grid is then used 
as a guide for applying a pattern to the surface. You can investigate how you might panelize 
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the surface to make it constructible by applying a geometric pattern to it. This pattern provides 
a basic graphic representation of how the panel may look. These graphic patterns can then be 
replaced with parametric components that automatically conform to the divided surface. 


Dividing the Surface 


Let’s take a look at the basic tools that will allow you to divide the surface of a conceptual form: 


1. 


Start by opening c12-Square-Panel.rfa from this book’s web page. 


This file represents a simple conceptual shape for a curtain wall design (Figure 12.49). 
The form was constructed by drawing two curves at varying reference levels, and then a 
surface was generated between them. 


FIGURE 12.49 


Conceptual shape to 
be used as a basis fora 
complex curtain wall 


design 


2. 


3. 





Select the form and then click Divide Surface on the contextual tab in the ribbon. 


This will divide the surface of the form, and you will see horizontal and vertical grids 
displayed. This is the UV grid. 


You can control the display of the UV grid when it is selected (Figure 12.50). To modify 
the display, click the U Grid or V Grid button in the UV Grids And Intersects panel on the 
Modify | Divided Surface tab of the ribbon. 


With the surface selected, make sure the U grid and V grid icons are highlighted in the 
contextual tab of the ribbon. 


Notice how the Options bar provides a number of settings for you to modify the divided 
surface. You can control the U grid and V grid by a number or with a specific distance. 

If you select the Number option, you can enter a number of divisions that will distribute 
evenly across the surface. 
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FIGURE 12.50 

A surface of the 
conceptual form has 
been divided and the 
UV grid is displayed. 





4. Select Distance, which will allow you to enter a specific absolute distance between grids 
across the divided surface. Under the Distance setting, there is a drop-down menu that 
also allows you to specify a Maximum Distance or a Minimum Distance value; these are 
similar to the constraints described earlier in this chapter for basic curtain walls. Make 
sure the surface is divided by number, with a U grid of 10 and a V grid of 10. 


5. With the UV grid selected, you will see a 3D control (x-, y-, and z-axis arrows), and an 
icon appears in the center of the surface. Click the icon to enable the Configure UV Grid 
Layout command. The display will change (Figure 12.51), and you can now apply specific 
settings to control the UV grid even further. 


You have the ability to alter the rotation of the grid, the UV grid belt, and justification 
of the UV grids at the surface borders. These grid configuration parameters can also be 
found and modified in the Properties palette. 


6. In the Properties palette, set the U Grid Rotation value to 45 degrees and the V Grid 
Rotation value to 45 degrees; then click Apply. 


Notice how the modified values are updated in the 3D view with the Configure UV Grid 
Layout command activated. 


In the Configure UV Grid Layout mode (Figure 12.52), you will see a number of controls—all 
of which relate to parameters you can also access in the Properties palette. The arrow cross in 
the middle of the grid is the grid justification marker. You can drag it to any side, corner, or the 
center of the grid, which will adjust the value of the Justification property of both U and V grids. 

The belts represent the lines along the surface from which the distance between grids is 
measured. The distance is measured by chords, not curve lengths, and can be seen in the 
Properties palette as the Belt Measurement parameter for both U and V grids. 


FIGURE 12.51 

To configure the UV 
grid, click the icon 
at the center of the 
surface. 


FIGURE 12.52 

The UV grid can be 
modified directly or 
via the values in the 
Properties palette. 
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Dividing the Surface with Intersects 


As you have seen in the previous exercise, the Divide Surface tool allows you to divide the 
surface of a form using the natural UVW grid of the surface. However, if you want to divide the 
surface with a customized grid pattern, you divide it by intersecting geometry. By using the 
Intersect feature, you can divide the surface based on the following: 


@ Intersecting levels, reference planes, and even lines drawn on a reference plane 


@ A mixture of U or V grids and intersects 


Let’s take a look at an example based on our previous file, which will demonstrate how you can 
use a series of defined reference planes to divide a surface: 


1. Start by opening the file c12-Square-Panel-Intersects.rfa from this book’s web page 


Notice that a series of reference lines are now drawn in the X plane; you will use these 
reference lines to divide the surface of the form. 


2. Select the surface and choose Divide Surface from the ribbon. Click the U Grid tool on the 
ribbon to disable the display of the U grids. 


3. With the surface still selected, click the Intersects button on the ribbon. Select all the reference 
planes in the X plane, and then click the Finish icon in the Intersects panel on the ribbon. 


This will divide the surface based on where the reference planes intersect the surface of 
the form. You could also select Intersects > Intersects List to choose named references 
such as levels or named reference planes instead of picking them in the model view. 


4. Go to the Project Browser and open the 3D view named 3D Surface to review the results 
(Figure 12.53). 


FIGURE 12.53 

The surface is divided A N 
by intersecting planes y /\ 
and lines. i Wy 
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Applying Patterns 

Surface patterns allow you to quickly preview in a graphical manner how a panel will work 
across the surface of the form. Because you are not working with complex geometry at this 
stage, the editing and adjustment to the design concept are quick. Revit provides a number of 
predefined patterns that are available from the Properties palette, and they can be applied to 
your divided surface. You will now apply a surface pattern to a form: 


1. Start by opening c12-Square-Panel-Pattern.rfa from this book’s web page. 


2. With the UV grid on the form selected, you will notice in the Type Selector that the default 
empty pattern named _No Pattern is applied to the surface. Open the Type Selector, and 
you will see that you can apply one of a number of predefined patterns to the surface. 
Click the Rectangle Checkerboard Pattern type to apply it to your surface (Figure 12.54). 


FIGURE 12.54 
Surface with 
Rectangle 
Checkerboard Pattern 
applied 





3. Experiment with the various predefined patterns and adjust the UV grid as required to 
play with the proportions of the patterns. 


At any time, you can display both the underlying surface divisions and the pattern surface. 
With the grid selected, click the Surface button in the Surface Representation panel on the 
Modify | Divided Surface tab. This display should give you a better understanding of the 
relationship between the pattern definition and the spacing of the surface divisions. 


Editing the Pattern Surface 

There will be situations where you will want to edit and control the border conditions for 
pattern surfaces. Patterned surfaces may have border tiles that intersect the edge of a surface, 
and they may not end up as complete tiles. You can control the border tile conditions by setting 


540 |CHAPTER12 CREATING WALLS AND CURTAIN WALLS 


them to Partial, Overhanging, or Empty in the Border Tile instance property of the patterned 
surface. You will now modify a conceptual curtain wall to examine how the different border 
conditions affect the surface: 


1. Start by opening c12-Square-Panel-Border.rfa from this book’s web page. 


2. Select the surface, and in the Properties palette, locate the Border Tile parameter under 
Constraints. Set the value to Empty, and click Apply or drag the mouse out of the 
Properties palette. 


Notice that the tiles at the borders are no longer visible, as shown in Figure 12.55. 


FIGURE 12.55 
Border parameter set 
to Empty 





3. Next, change the Border Tile parameter to Overhanging and click Apply. 


The border tiles will now show in their entirety, extending beyond the edge of the 
surface. 


Editing a Surface Representation 


When editing a surface in the conceptual design environment, you have the option to choose 
how surface elements will be displayed. A number of options are available to you, allowing 

you to customize how you show or hide the various elements that make up a divided surface 

in a view. If you select either the U or V Grid icon, this will enable or disable the UV grid in 

the view. The Surface icon allows you to display the original surface, nodes, or grid lines. The 
Pattern icon allows you to hide or display the pattern lines or pattern fill applied to the surface. 
The Component icon allows you to hide or display the pattern component applied to the surface. 
If you decide to make any changes to the display using the Surface Representation tools, these 
changes will not carry through into the project environment. To globally show or hide surface 
elements, you will have to alter this from the Visibility/Graphic Overrides dialog box. 
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In the Surface Representation panel, you will also notice a small arrow in the bottom-right 
corner. Clicking this arrow will open the Surface Representation dialog box, where you will find 
additional display options for the surface, patterns, and components. You also have the ability 
to display nodes and override the surface material of the form. Let’s practice controlling the 
surface representation of your form: 


1. Start by opening c12-Square-Panel-Sur faceRep.rfa from this book’s web page. 


2. With the surface selected, go to the Surface Representation panel in the ribbon, and 
click the arrow in the bottom-right corner to open the Surface Representation dialog box 
(Figure 12.56). 


FIGURE 12.56 “Surface R REEE 
Use the Surface nA _ 
Representation Surface | Pattern Component 
dialog box to further 
customize the display Style/Material: 
of your form. 


| Original Surface By Categor 


[M] Nodes 


J UY Grids and Intersect Lines 











3. On the Surface tab, enable Nodes if is not already enabled; this will display a node at each 
intersection of the UV grid, as shown in Figure 12.57. 


FIGURE 12.57 
Nodes are displayed 
at the intersections 
of the U grids and 
V grids. 
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FIGURE 12.58 

The rig in the pattern- 
based curtain panel 
family 
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Adding Definition 


So far, you have created a surface, subdivided it, and applied a graphical representation to the 
form. You can now begin to add actual component geometry similar to mullions and panels. 
Although the underlying graphic pattern will remain, the component geometry will take 
precedence. To begin this process, you will create special curtain panel families using the 
Curtain Panel Pattern Based.rftorMetric Curtain Panel Pattern Based.rft 
family template. This type of panel family can be applied to the divided surface to populate 

it with architectural components, adding realistic definition to your conceptual curtain wall 
surface. 


BUILDING A PATTERN-BASED PANEL FAMILY 


In the following exercise, you will build a simple rectangular panel and apply it to your divided 
surface: 


1. Click the Application menu, choose New > Family, and select the Curtain Panel 
Pattern Based.rftorMetric Curtain Panel Pattern Based.rft family 
template. 


Figure 12.58 shows the pattern-based curtain wall family template, which consists of 

a grid, a series of reference lines, and adaptive points. The grid is used to lay out the 
pattern of the panel. The adaptive points and reference lines act as a rig, defining the 
layout of the panel. You can construct solid and planar geometry within and around the 
reference lines to form the panel. 


When a panel is applied to a divided surface, the points in the panel adapt to the UV 
grid and the panel will then flex accordingly. As a general rule, the grid pattern in your 
curtain panel family should match the pattern on the divided surface to which it is 
applied. For example, if you have applied a hexagonal pattern to your divided surface, 
make sure the curtain panel family is also using a hexagonal pattern. 





2. 
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You now need to decide what pattern you will use for the component. To change the 
pattern, select the grid, go to the Type Selector, and change the pattern to Rhomboid. 
Notice how the adaptive points and reference lines update to reflect the change. Review 
the various patterns that are available to you. Revert to the Rectangular pattern. 


Modeling a pattern-based curtain panel is similar to how you would sketch and construct 
a form within the conceptual design environment. You use points, lines, and reference 
lines to construct geometry. 


CHANGING PATTERNS WITH GEOMETRY 


It is important to understand that if you decide to switch your curtain panel grid pattern after 
creating solid forms, the geometry will not automatically adapt to the new pattern you choose. 


The 


geometry will be left orphaned, and you will need to delete any geometry and remodel, based 


on the new pattern. 


3. 


FIGURE 12.59 
Geometry options are 
presented when you 
are using the Create 


Form tool. 


Select one of the adaptive points and drag it. These points move only vertically, not 
horizontally. 


As you move the point, the reference lines attached to the point will alter the shape. 
Therefore, as you build geometry on the defined reference lines and an adaptive point is 
moved or adjusted, the reference lines are altered and the geometry constructed along the 
reference lines updates to reflect the change. 


To reset the adaptive points back to the grid, select the grid and you will notice a Reset 
Points To Grid button in the Options bar. Click the button to reset the points. 


Select the four reference lines and click the Create Form > Solid Form button in the ribbon. 
Two icons now appear in the middle of the model view (Figure 12.59), giving you the option 
to create an extruded form or a flat planar surface. Select the icon for the planar surface. 
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6. Next, you will flex the geometry to test its consistency. Select one of the adaptive points 
and move it vertically. Observe how the geometry flexes, as shown in Figure 12.60, and 
then reset the points to grid. 


FIGURE 12.60 

The panel form will 
flex when the points 
are dragged vertically. 





7. Switch to the Architecture tab in the ribbon, and from the Draw panel, select the Point 
Element tool. Place a point on one of the reference planes, as shown in Figure 12.61. This 
point becomes a hosted point; observe how its symbol is smaller than the symbol for the 
adaptive points. Select the point, and from the Properties palette change the value of the 
Show Reference Planes parameter to Always. 


This will make it easier to build geometry using the hosted point in later steps. 


FIGURE 12.61 

A reference point is 
placed on one of the 
reference lines. 





8. From the Architecture tab and the Work Plane panel, click the Set button (Set Work Plane 
tool) and pick the work plane of the hosted point. 


9. Draw a circle with a radius of 6" (150 mm) on the work plane of the hosted point, as 
shown in Figure 12.62. 
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It can be a little tricky drawing the circle onto the active work plane of the hosted point. 
Therefore, use the Show Work Plane tool to display the active work plane for the point. 
This will make the process of sketching the circle easier. 


FIGURE 12.62 

Draw a circle on the 
vertical work plane of 
the hosted point. 





10. Select the circle and the four default reference planes, and then choose Create Form > 
Solid Form. 


This will sweep the circle profile along the four reference planes, as shown in Figure 12.63. 


When building your curtain panels, consider how you will assign geometry to 
appropriate subcategories. This will ensure that you have full control over the elements 
from a visual and graphical point of view. For details on assigning geometry to 
subcategories, refer to Chapter 15, “Creating Stairs and Railings.” 


FIGURE 12.63 
Creating a form from 
a circle and four 
reference lines 





11. Save the family as Square-CWPanel.rfa. 
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APPLYING COMPONENTS TO A DIVIDED SURFACE 


Now that you have created a pattern-based curtain panel family, you'll need to load this family 
into your conceptual mass family and apply it to the divided surface, replacing the graphical 
pattern with the actual component. 


1. Download and open the file c12-Square-CWSystem.rfa from this book’s web page. 


2. Load the family file Square-CWPanel.rfa you created in the previous exercise into this 
file by clicking Load Family on the Insert tab of the ribbon, or switch to that file and click 
the Load Into Projects button. 


3. In the conceptual mass file, select the pattern and divided surface. In the Properties 
palette, click the Type Selector, and scroll down the list until you find the name of your 
pattern-based curtain panel family. 


Your new panel family will be listed under the pattern within which it was designed. The 
component will now be applied to the patterned surface, as shown in Figure 12.64. Note 
that the more complex the surface and component, the longer it will take to load. 


FIGURE 12.64 

The pattern-based 
curtain panel 
component is applied 
to a surface in a 
conceptual mass 
family. 





CREATING A PYRAMID CURTAIN WALL PATTERN-BASED FAMILY 


Now that you have mastered the technique of constructing a simple planar curtain panel, let’s 
look at how to create a pyramid type panel. You will add a type parameter to your pyramid 
curtain panel so that you can vary the apex of the panel: 


1. Start a new family using the Curtain Panel Pattern Based.rft or Metric 
Curtain Panel Pattern Based.rft family template. 
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2. Place a reference point, ensuring that it snaps to the middle of one of the reference lines 
included within the template. Place another reference point on the reference line opposite 
the one you previously placed, as shown in Figure 12.65. 


FIGURE 12.65 
Hosted points are 
placed at the midpoint 
of two reference lines. 





3. From the Architecture tab in the ribbon, click the Reference tool and ensure that 3D 
Snapping is activated in the Options bar. Draw a reference line between the two newly 
placed hosted reference points, as shown in Figure 12.66. 


FIGURE 12.66 

A reference line is 
drawn between two 
hosted points. 
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4. Place another reference point, so that it becomes hosted, at the midpoint of the previously 
created reference line (Figure 12.67). Select this reference point, and from the Properties 
palette, make sure that Show Reference Planes is set to Always. 


FIGURE 12.67 

Place a hosted point 
at the midpoint of the 
reference line. 





5. From the Architecture tab, choose the Set Work Plane tool and select the work plane of 
the hosted point at the middle of the previously drawn line. Activate the Reference Line 
tool and uncheck the 3D Snapping option. Draw a reference line vertically in the Z plane 
from the hosted point. 


Ensure that the start point of the reference line is locked to the hosted point. You may 
need to drag the end of the reference line, nearest to the point, in the Z direction before 
dragging it back to the hosted point. This will ensure that the lock symbol will appear. 


6. Select the vertical reference line to display the temporary dimension, and turn this into a 
permanent dimension by clicking the dimension icon. 


7. Select this dimension and then choose <Add New Parameter...> from the Label pull- 
down in the Options bar. Assigning this dimension to a parameter will allow you to alter 
the apex of the pyramid panel as needed. In the Parameter Properties dialog box, name 
the parameter Apex_Height. Click OK to close all open dialog boxes. 


8. Add a series of reference lines using the 3D Snapping option from the apex to the four 
points on the base of the pyramid, as shown in Figure 12.68. 


9. You will now create faces on each slope to complete the pyramid shape. To do this, select 
one reference line from the base and two reference lines on the sloping edges (use the Ctrl 
key to add lines to your selection), and click the Create Form button. Select the planar 
triangular face rather than the extrusion (Figure 12.69). 
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FIGURE 12.68 
Reference lines are 
created from the 
corners to the apex. 


FIGURE 12.69 

Select three reference 
planes, and then 

use Create Form to 
generate each face of 
the pyramid. 





10. Repeat step 9 for the three remaining faces until you have a completed pyramid, as 
shown in Figure 12.70. 


11. It is important that you flex the pyramid to check that you can control the height of 
the apex. Open the Type Properties dialog box, and you will see the parameter named 
Apex_Height. Change the value a few times and click Apply after each change. The 
pyramid panel should change in height. Save your file as Pyramid-Panel.rfa. 
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FIGURE 12.70 

All four sides of the 
pyramid have been 
created. 





12. Open the file c12-Pyramid-Project.rfa from this book’s web page. Load your 
Pyramid-Panel.rfa family into the c12-Pyramid-Project.rfa. Select the surface, go 
to the Type Selector, and choose Pyramid-Panel. 


Your pyramid shape curtain panel will now be populated across the divided surface, as 
shown in Figure 12.71. 


FIGURE 12.71 
The pyramid panel is 
populated across the 
entire surface. 
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Creating Custom Patterns 


Although Revit includes a variety of patterns you can use for conceptual curtain walls, at 
present there is no way to create your own pattern-based curtain panel template. The current 
patterns shipped with the software are hardwired, so there is no way to modify them either; 
however, with a bit of creative thinking, you can use the provided templates to construct panels 
that will conform to a custom pattern concept. When you consider building a custom panel, it 

is important to take into account how it will repeat vertically and horizontally. You will need to 
break it down into its smallest module. If you think about a repeating architectural pattern such 
as a masonry wall, its individual component can be broken down into the brick that forms that 
pattern, which is in essence is a rectangle. An example of a hexagon-shaped panel, constructed 
within a rectangular pattern, is shown in Figure 12.72. 


FIGURE 12.72 

A hexagonal panel is 
constructed within a 
standard rectangular 
pattern. 





Once you have decided on the design for your panel, look at how the panel could be 
modularized. To do this, consider laying out the pattern utilizing graph paper. This will certainly 
help you better understand the layout before attempting to construct the panel using an appropriate 
template. In Figure 12.73, you can see the hexagonal panel applied across a divided surface. 


FIGURE 12.73 

The hexagonal panel 
applied across a 
divided surface 
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Limiting the Size of Pattern-based Families 


When designing complex curtain wall systems, the goal is to limit the variety of panels. The 
more variety you have, the higher the cost because you have to create a greater number of 
unique panels. When you divide a surface, the panel sizes can vary quite dramatically. Although 
you do not actually have the ability to limit panel sizes, you can start to reduce the size and 
variety of panels by nesting curtain panels inside other panels. In the following exercise, you 
will learn how to nest panels to limit size variation: 


1. Start by creating a simple pattern-based curtain panel family (use either Curtain Panel 
Pattern Based.rftorMetric Curtain Panel Pattern Based.rft). Make sure 
the grid is set to the Rectangular type. 


2. Select the four reference lines and use the Create Form tool to generate a planar surface. 


3. Similar to the previous exercise, place a hosted point on one of the edges of the surface, 
and then draw a circle with a 6" (150 mm) radius on the point’s work plane. Use Create 
Form to generate a swept profile on two edges to represent a mullion, as shown in 
Figure 12.74. Save this panel as Limit-Panel-1.rfa. 


FIGURE 12.74 

A panel with a swept 
profile is created to be 
nested into another 
panel family. 





4. Start another new pattern-based curtain panel family, again using the Rectangular grid 
pattern. Select the four reference planes, and use Create Form to generate a planar surface 
rather than an extrusion. 


5. Select the planar surface and click the Divide Surface tool from the ribbon. You will 
divide this surface and set the UV grid by number; set U Grid to 2 and V Grid to 2, as 
shown in Figure 12.75. 


6. Load the Limit-Panel-1 family into the divided surface panel. 
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FIGURE 12.75 

Create another 
pattern-based family 
and divide the surface 
into a 2x2 grid. 





7. Select the divided surface and apply your panel to the divided surface by choosing 
Limit-Panel-1 from the Type Selector. This will nest the panel into the subdivisions of the 
divided surface (Figure 12.76). Save this panel as Limit-Panel-2.rfa. 


You can now apply this nested panel into any divided surface. Download and open the 
file c12-Limit-Panel-Project.rfa from this book’s web page. 


FIGURE 12.76 

The simple panel 

is nested into the 
divided surface of the 
host panel. 
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8. Inthe c12-Limit-Panel-Project.rfa file, select the pattern and divided surface. From 
the Type Selector, select the name Limit-Panel-2. 


Your new panel family will be listed under the pattern within which it was designed. It 
will take a few seconds for the software to replace the pattern with the real geometry of 
the panel. But observe that by nesting the panel inside other panels, you have been able to 
limit the size and variety of the panels (Figure 12.77). 


FIGURE 12.77 

The host panel 
containing the nested 
panel is populated on 
a divided surface. 









































Using the Adaptive Component Family 


So far, the examples look at using the UV grid to nest in curtain wall pattern—based families; 
however, there will be situations where you may want to manually place a panel, specifically 
at border conditions where you may need to construct custom panels. To do this, use the 
Adaptive Component functionality that is available to you in the pattern-based curtain panel. 
This functionality is designed to handle cases where components need the flexibility to adapt 
to many unique, related conditions. This new functionality also addresses the problems of 
creating and placing pattern component panels (triangular, pentagonal, hexagonal, and so on) 
on nonrectangular and irregularly spaced grids. In the following exercise, you will create an 
adaptive panel and manually place it along the border of a divided surface: 


1. Create a simple pattern-based curtain panel family (Curtain Panel Pattern Based 
.cftorMetric Curtain Panel Pattern Based.rft) and use the rectangular grid 
pattern. Select each of the four adaptive points and notice that each point has a number 
from 1 to 4. 


2. Select one of the points; from the Properties palette, change the Show Placement Number 
parameter to Always. 


3. Select all the reference planes in the family and choose Create Form; select the Planar 
Surface option. Save this panelas My Adaptive Panel.rfa. 
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4. Download and open the file c12-StitchSurface-Project.rfa from this book’s web page. 


5. Load the My Adaptive Panel.rfa family into c12-StitchSur face-Project.rfa. 


Notice that in c12-StitchSur face-Project.rfa the UV grid has been enabled as well 
as the nodes at the intersections of the UV grid (Figure 12.78). You will use these nodes to 
snap your panel. 


FIGURE 12.78 


Sample surface with 
nodes displayed 





6. Locate the Families category in your Project Browser and expand the Curtain Panel tree. 


You will find the My Adaptive Panel type in this list. Drag it into the 3D view window. 


7. With the panel attached at your mouse pointer, place the pointer onto one of the nodes 


on the subdivided surface to place the first point. Place the remaining points onto the 
corresponding nodes, as shown in Figure 12.79. 


Observe how the panel will adapt based on its placement in the surface division. 


FIGURE 12.79 


Placing an adaptive 
panel into a divided 


surface 
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Scheduling Pattern-based Panels 


Now that you have completed the design of your pattern-based curtain wall families, you may 
want to use Revit scheduling capabilities to assess the quantity and area of panels in your 
conceptual curtain wall system. This can be useful for calculating approximate costs at the early 
stages of design. You can schedule panels that have been applied to an in-place mass directly in 
the project environment; however, it is not possible to schedule panels in the conceptual design 
environment. You will first have to load your concept mass into a project, where you will then 
be able to schedule the panels. In this example, you will open a sample file, load it into a project, 
and then create a schedule, which will list all the panels that make up your conceptual curtain 
wall: 


1. Download and open the file c12-Square-Panel-Schedule.r fa from this book’s 
web page. 


2. Start a new project using either default.rte or MetricDefauLlt.rte; then load the file 
c12-Square-Panel-Schedule.r fa into your new project. 


3. From the Massing & Site tab in the ribbon, click the Place Mass button and select c12- 
Square-Panel-Schedule from the Type Selector. Make sure that the Place On Workplane 
icon is selected in the Placement panel, and place the massing component in the Level 1 
floor plan. 


4. Open the default 3D view to view your model (Figure 12.80). 


FIGURE 12.80 

A conceptual curtain 
wall is loaded into a 
project and placed 
using Place Mass. 
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5. From the View tab in the ribbon, click Schedules and then click Schedules/Quantities. 
This will open the New Schedule dialog box. Select Curtain Panels from the Category list 
and click OK. 


6. You will now define the fields that will be included within your panel schedule. Choose 
Family in the left column and click the Add button to add this field to your schedule. 
Next, add Area and then Count. 


7. Click the Sorting/Grouping tab and check the options for Grand Totals and Itemize Every 
Instance. 


8. Click the Formatting tab and select the Area field. Make sure the Calculate Totals option 
is selected. Do the same for Count. 


9. Click OK and your schedule will be created. If you scroll down to the bottom of the 
schedule, the total area and the number of custom panels in your conceptual curtain wall 
will be listed. 


The Bottom Line 


Use extended modeling techniques for basic walls. Walls in Revit are made from layers 
of materials that can represent everything from generic placeholders for design layouts to 
complete assemblies representative of actual construction. 


Master It How can you customize the profile of a wall? 


Create stacked walls. Exterior walls are usually composed of several combinations of 
materials with varying thicknesses. These various wall types can be combined into a single 
entity called a stacked wall. 


Master It How do you create a stacked wall? 


Create simple curtain walls. A curtain wall is an assembly of parts including curtain 
erids, panels, and mullions. They can be created in predefined types with regular horizontal 
and vertical spacing along with specific panel and mullion types. 


Master It How do you add a door to a curtain wall? 


Create complex curtain walls. The Revit conceptual massing environment can be used to 
create complex curtain wall configurations. Pattern-based panel families can be loaded into 
the massing environment and populated on a divided surface. These populated surfaces can 
then be loaded and placed in a project model for documentation and scheduling. 


Master It How do you create a complex divided surface? 


Certification 
Objective 
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Modeling Floors, Ceilings, 
and Roofs 


Floors, ceilings, and roofs, which may seem like simple building components, can sometimes 
prove to be difficult to model and detail in your project designs. In the previous chapter, you 
learned about creating and customizing walls. Many of the objects in this chapter depend on 
walls and curtain walls to define their boundaries, but both groups of object types are system 
families that use a built-up set of layers that are applied to a sketched form. Whereas walls 
mostly rely on a linear path, floors, ceilings, and roofs rely on a boundary sketch. 


In this chapter, you'll learn to: 
Understand floor modeling methods 
Model various floor finishes 

Create ceilings 


Understand roof modeling methods 
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Work with advanced shape editing for floors and roofs 


Understanding Floor Types 


Floors are likely to be one of the first sketch-based elements you will encounter in Autodesk® Revit® 
software. Some families in the default libraries are floor hosted, so you must first have a floor before 
you'll be able to place such components. Consequently, floor-hosted components will be deleted if 
the floor that hosts them is deleted. You can find a more detailed discussion on creating families in 
Chapter 14, “Designing with the Family Editor,” but for now let’s review the fundamental types of 
floors that can exist in a project: a floor, a structural floor, a floor by face, and a pad. 


Modeling a Floor 

The traditional floor object is a sketch-based element that comprises any number of material 
layers as defined by the user. The top of the floor object is its reference with respect to the level 
on which it was created. As such, changes to a floor’s structure will affect its depth down and 
away from the level. You can start modeling floors with generic types, which contain a single 
layer, and then change the generic floors to more specific assemblies later in the development 

of your project. You can use floors in a variety of ways to meet the needs of a specific phase of 
design. In early phases, for example, you can create a floor type to represent the combined floor, 
structure, plenum, and ceiling assemblies of a building. Commonly referred to as the sandwich, a 
sample is shown in Figure 13.1. 
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FIGURE 13.1 

You can use a single 
floor type to show the 
entire floor/ceiling 
sandwich in early 
design. 





During intermediate phases of design, you can model ceilings so the floor types can include 
only the floor and a structural layer, as shown in Figure 13.2. Columns may be created, but more 
precise horizontal structural framing may not be modeled yet. The layer within the floor type 
represents an assumption of the maximum depth of structural framing. 


FIGURE 13.2 

This floor assembly 
includes an 
assumption for the 
depth of structural 
framing. 





In later phases of documentation approaching and including construction, floors should 
be modeled as close to actual conditions as possible. You should accommodate detailed finish 
conditions for floors as well as coordination with a resolved structural system. Accurate 
modeling of these conditions will help support consistent quantity takeoffs and interference 
detection. Figure 13.3 illustrates an example of a more accurate floor slab. 
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FIGURE 13.3 
Floor assemblies 
for construction 
should be accurate 
and separate from 
structural framing. 





These floor assembly types are offered as suggestions for the sake of increased productivity. 
As such, they should be used with care, especially when performing quantity takeoffs for 
estimating. For example, the area of a floor will be the only accurate value to be extracted from 
a floor sandwich model in early design, not a volumetric material takeoff. For more information 
on the use of models by other disciplines, we recommend referring to the AIA document 
G202-2013 Project BIM Protocol Form, which lists authorized uses of a model at various levels of 
development. You can learn more about AJA contract documents at www. aia.org. 


COLLABORATION AND THE OWNERSHIP OF FLOORS 


Whether or not you are working under an integrated project delivery (IPD) contract, the so-called 
ownership of floors should be carefully considered for the collaboration process between an archi- 
tect and a structural engineer. Floors can be one of the most contentious elements of a building 
design because they can be simultaneously construed as architecture and structure. 


The model element author (MEA) for floors should be discussed and clearly defined for each phase in 
your project BIM execution plan. Remember that element ownership can pass between the architect 
and the structural engineer when it is appropriate for a given phase. For example, the architect may 
choose to be the MEA for floors in schematic design but pass ownership to the structural engineer 
in design development and construction documentation. 


With a basic understanding of floors as elements of the building, let’s look at some properties 
of floors that allow expanded uses in the project model. These properties and floor types can 
help expand your use of floor systems to create better documentation. 
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Creating a Structural Floor 


The structural floor is similar to a traditional floor but has structural functionality, such as the 
ability to indicate span direction and to contain structural profiles. For example, you can specify 
a composite metal deck profile, which will display in sections and details generated within your 
project. You can create a structural floor by selecting the floor element and clicking the instance 
property called Structural (Figure 13.4, fifth item from the top). Because Structural is an instance 
property, any floor type can become a structural floor. 


FIGURE 13.4 
Structural parameter 
in a floor’s instance 
properties 
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After you select the Structural parameter check box for a floor, you can edit its type 
properties to add a structural decking layer. Let’s create a new structural floor so you can 
explore how this is done: 


1. Open the file c13-Floors-Start.rvt orc13-Floors-Start-Metric.rvt from the 
book’s web page (www. sybex .com/go/masteringrevitarch2016), and activate the Level 
3 floor plan. 


2. Go to the Architecture tab in the ribbon, and from the Build panel, select Floor > Floor: 
Structural. 





Properties 


3. 


FIGURE 13.5 
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In the Draw panel of the contextual tab in the ribbon, make sure your options are set to 
Boundary Line with the Pick Walls tool, as shown in Figure 13.5. 








/AG®GO- 


Use Pick Walls mode 
to draw boundary Eh Slope Arrow rf i n~ E AF s 
lines. = 
fh) Span Direction © 2 A = 
Mode | Draw 
4. In the Options bar, specify an offset of 0-3” (75 mm). 


10. 


11. 


This setting will place the floor boundary just within the inner face of the curtain wall 
mullions because the location line of the curtain wall is at the center of the mullions that 
are 5” (125 mm) deep. 


Begin picking the exterior curtain walls by selecting one of the north-south—oriented 
walls first. 


The first wall that you pick will determine the span direction of the structural floor. You 
can change this at any time by picking the Span Direction tool from the Draw panel and 
then selecting one of the boundary lines in the floor sketch. 


Pick the remaining exterior walls to complete the floor boundary. 


After you finish defining the boundary lines of the floor, you will create a new floor type. 
If the Properties palette isn’t open, press Ctrl+1 on the keyboard, type PP, or click the 
Properties icon in the ribbon. 


Click Edit Type in the Properties palette. Select Generic - 12” or Generic - 300 mm as the 
active type and click Duplicate. Name the new type Structural Slab. 


In the Edit Type dialog box, click the Edit button in the Structure row to open the Edit 
Assembly dialog box. 


In the Edit Assembly dialog box, find the layer of the assembly that represents the generic 
floor you duplicated. This should be row 2. Change the material of this layer to Concrete 
— Cast-In-Place Concrete and change the thickness to 0-6” (150 mm). 


Select row 3 and click the Insert button. There should now be four layers. Select the new 
row 3 and set its function to Structural Deck [1]. 


The new Structural Deck properties appear below the layers, as shown in Figure 13.6. 


The value for Deck Profile should default to Form Deck_Non-Composite: 2’ x 6” or 
M_Form Deck_Non-Composite: 50 x 150 mm, but this depends on whether you have a 
structural deck profile loaded into your project. 
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If you don’t have a structural deck profile loaded, finish the floor, select the Insert tab 
of the ribbon, and click Load Family. In your default Autodesk content library, find the 
Profiles folder and open the Metal Deck subfolder. Pick an appropriate deck profile 
and click Open to load it. Select the Structural Slab floor and click Edit Type in the 
Properties palette to continue the exercise. 


FIGURE 13.6 

Setting a layer’s 
function to Structural 
Deck exposes 
additional options. 
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12. Activate Wall Section 1 and you should see the completed slab at Level 3. 


Notice that you do not see the details of the structural decking when Detail Level is set to 
Coarse. 


If you activate the callout at Level 3 (Detail At Level 3), you will see the structural decking 
because the callout’s detail level is set to Medium. This difference is illustrated in Figure 13.7. 


FIGURE 13.7 

Structural floor as 

represented in Coarse | 

detail level (left) and 

Medium detail level — — m 


(right) 
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CANTILEVERED METAL DECKING 


In Figure 13.7, you can see the metal decking profile shown in a section view; however, when metal 
deck runs parallel to a support member, the decking cannot cantilever as shown by default when 
you model a floor. You must customize these slab edges in order to show a more accurate represen- 
tation of the decking condition. 


One easy way to accomplish this is to use the Cantilever options when you are creating or editing 
the boundary lines of the floor. If you are using a floor type that includes a Structural Deck layer, 
select any of the boundary lines and you will see Cantilever settings in the Options bar. 





If you define the boundary line at the centerline of the supporting member, define the cantilever 
value for Steel to be 0’-0” (0 mm) and Concrete to the value appropriate to your engineered design. 
Sometimes these values may need to be negative distances to achieve the desired cantilever condi- 
tion. When you finish the sketch and observe the slab edge in a section view, you will see a more 
accurate representation of the appropriate construction technique for the floor element. 


| 

'h : è | i . 

9 > P © Q 
wi | 


- p > 
Pp \s Vs AF \ 


566 


CHAPTER13 MODELING FLOORS, CEILINGS, AND ROOFS 


Modeling Floor by Face 


This floor modeling method is used when you have generated an in-place mass or loaded a mass 
family. After you assign mass floors to a mass, you can use the floor-by-face method to assign 
and manage updates to floors, as shown in Figure 13.8. This type of face-based modeling is 
discussed in greater detail in Chapter 8, “Advanced Modeling and Massing.” 


FIGURE 13.8 

You can use the 

Floor By Face tool to 
manage slabs in more 
complex building 
designs. 





Defining a Pad 


A pad is technically not a floor but has properties similar to a floor. What differentiates a pad is 
its ability to cut into a toposurface or ground plane and define the lowest limits of a building’s 
basement or cellar. If desired, you can configure the pad to represent a slab on grade, as shown 
in Figure 13.9. The Pad tool can be found on the Model Site panel of the Massing & Site tab. 
If you don’t see this tab, you can access it by clicking the Application button and choosing 
Options > User Interface. 

For a more detailed exercise on creating building pads, refer to Chapter 3, “The Basics of the 
Toolbox.” 


FIGURE 13.9 

You can configure a 
pad as a slab on grade 
for a basement. 
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Sketching for Floors, Ceilings, and Roofs 


Because floors, ceilings, and roofs are sketch-based objects, the method you use when 
creating the boundary lines is critical to the behavior of the element to those around it. The 
recommended method is to use the Pick Walls option, as shown earlier in Figure 13.5. 

By selecting the walls to generate the sketch for the roof, you are creating a parametric 
relationship between the walls and the roof. If the design of your building changes and the 
wall position is modified, the roof will follow that change and adjust to the new wall position 
without any intervention from you (Figure 13.10). 


FIGURE 13.10 

Using the Pick 
method: (a) original 
roof; (b) the entrance 
wall position has pamm 
changed, and 
the roof updates 
automatically; (c) | 
the angle of the wall o_o 
to the right of the 
entrance has changed, 
and the roof changes 
to anew shape. 











(b) 





(c) 


Also notice in Figure 13.10 that the illustrated roof was generated with overhangs beyond the 
exterior faces of the walls. You can specify an overhang or offset value for a floor, ceiling, or roof 
in the Options bar before picking walls to define the sketch. 

If your building design is using curtain walls, be careful with the location lines of these walls. 
The location line of a curtain wall is defined relative to the offsets specified in the mullion and 
panel families that make up the curtain wall type. As discussed in Chapter 12, “Creating Walls 
and Curtain Walls,” you have many options when defining the relative location line of your 
curtain wall types. Refer to the exercise in the section “Creating a Structural Floor” earlier in this 
chapter for an example of picking curtain walls with an offset based on a centered location line. 
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Modeling Slab Edges 


Slab Edge is a tool that allows you to create thickened portions of slabs typically located at 

the boundaries of floors. A slab edge type is composed of a profile family and a material 
assignment. It is important that the material assignment of the slab edge match that of the 
floor to which you will apply the slab edge in order to ensure proper joining of geometry. Let’s 
explore the application of a slab edge to a floor at grade: 


1. Open the file c13-Design-Floor.rvt from the book’s web page and activate the 3D 
view named Floors Only. 


2. Click the Architecture tab in the ribbon and select Floor > Slab Edge from the Build panel. 
This tool is also available from the Structure tab. 


3. If necessary, orbit the 3D view so that you can see the bottom of the lowest floor slab. Pick 
all four bottom edges of the floor slab at the level named Ground. 


4. Activate the view Section 1 and you will see the slab edge applied to and joined with the 
floor, as shown in Figure 13.11. 


Remember that the material in the slab edge type must match the material in the floor 
type properties for the geometry to join properly. 


FIGURE 13.11 
Thickened slab edge 
applied to the bottom 
of a floor 





ED Real World Scenario 


MAKING EARLY DESIGN MODELS 


When we first started implementing Revit in early phases of the design, the need to emulate 
drafting methods was readily apparent. As a design idea for a building was formulated, we would 
usually make some generic assumptions about more complex systems in order to make the overall 
design intent as clear as possible. How do you translate this so-called fuzzy design into a building 
information modeling process? 


To bridge the gap between fuzzy design and a highly accurate model, we created a single floor type 
that contained assumptions not only for the floor but for the structure and ceiling assembly below. 
This larger assembly gives a graphic emphasis to building sections without the burden of modeling 
three different systems before they are close to being resolved. The design floor type also gave us the 
opportunity to create custom slab edges that are voids instead of solids—voids that approximate 
a design for ceiling shade pockets or other interface conditions. 
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Creating a Custom Floor Edge 

You can apply a great deal of flexibility to a floor assembly in early design. As we described 
previously, you can create a floor for early design phases that accommodates the floor, structure, 
plenum, and ceiling in a single floor type. You can also apply a customized edge to this type of 
assembly for more creative soffit conditions at exterior walls, as shown in Figure 13.12. 


FIGURE 13.12 
Customized edge 
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assembly in early . eS ae EE 
design 

few ZIS FES AS ZES 





Let’s run through a short exercise so you can practice this skill: 


1. Open the file c13-Design-Floor.rvt from the book’s web page or continue with the 
file from the previous exercise and activate the view Section 1. 


2. Select the floor at Level 1 and open the Properties palette. Change the type to Design 
Floor Sandwich. 


3. Begin a new in-place component by going to the Architecture tab and selecting 
Component > Model In-Place from the Build panel. 


4. Set the Family Category to Floors and specify the name as Floor Edge-L1. 
You are now in Family Editing mode and the ribbon will have different tabs and panels. 
5. Click the Create tab and select Void Forms > Void Sweep from the Forms panel. 


6. Click the Pick Path tool from the Sweep panel and choose all four top edges at the 
perimeter of the floor at Level 1. 


You can activate the 3D view Floors Only to complete the picking of all four edges, as 
shown in Figure 13.13. 





7. Click the Finish Edit Mode icon in the Mode panel when all four edges of the floor have 
been picked. 


8. Open the Properties palette if it isn’t already visible. 


You might need to reactivate the Select Profile mode if the Properties palette lists only 
Family: Floors. To do this, click Select Profile in the contextual tab of the ribbon. 
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FIGURE 13.13 
Pick edges of the void 
sweep ina 3D view. 





9. In the Profile parameter, select SD Sandwich Edge : Type 1 from the drop-down list, as 
shown in Figure 13.14. 


FIGURE 13.14 
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The SD Sandwich Edge profile has been preloaded for the convenience of this exercise. If 
you would like to explore how this profile was created, expand the Families tree in the 
Project Browser and find Profiles > SD Sandwich Edge. Right-click it and choose Edit 
from the context menu. 


10. You may need to adjust the orientation of the profile so that it faces in toward the floor, as 
shown in Figure 13.15. To do so, make sure the profile is selected, and click the Flip button 
in the Options bar or check the Profile Is Flipped option in the Properties palette. 


FIGURE 13.15 
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11. Switch to the Modify | Sweep tab in the ribbon and click the Finish Edit Mode icon from 


the Mode panel. 


12. Switch to the Modify | Void Sweep tab in the ribbon and select Cut > Cut Geometry in 
the Geometry panel. Pick the void sweep and then the floor at Level 1. 


13. Click Finish Model in the In-Place Editor panel at the right end of the ribbon. 


Activate the Section 1 view, and you should see that the floor sandwich assembly at 
Level 1 has been customized in a similar way to the floor at Level 2 (Figure 13.16). You can 
experiment with adding embellishing detail components as shown in the section. 


FIGURE 13.16 

The edge of the floor 
sandwich assembly 
for Level 1 has been 
customized. 
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Modeling Floor Finishes 


You can apply floor finishes in a variety of ways. Most methods are based on the thickness of the 
finish material. For example, a thin finish such as carpet might be applied with the Split Face and 
Paint tools, whereas a thicker finish such as mortar-set stone tile might be a separate floor type. 


Using a Split Face for Thin Finishes 


One of the easiest ways to divide a floor surface for thin finishes is to use the Split Face and Paint 
tools. This method will require a floor to be modeled and an appropriate material defined with 
at least a surface pattern. You can schedule finishes applied with the Paint tool only through 
Material Takeoff schedules. Let’s explore this method with a quick exercise: 


1. 


Open the file c13-Design-Floor.rvt from the book’s web page or continue with the 
file from the previous exercise and activate the Level 1 floor plan. 


You will see an area of the floor that is bounded by a wall and two reference planes. 


© Click the Modify tab in the ribbon, activate the Split Face tool from the upper-right corner 


of the Geometry panel, and pick the floor in the Level 1 floor plan. 


Draw a rectangle in front of the three interior walls, as shown in Figure 13.17. 


FIGURE 13.17 
Sketch a rectangular 
boundary with the 
Split Face tool. 





You can constrain—or lock—the sketch lines to the interior walls, reference planes, and 
floor edge. You may do so in this exercise, but use constraints sparingly in larger projects 
to avoid slower model performance and updating calculation time. 


Also notice that you generated a complete rectangular sketch instead of only three 
bounding lines. You do not need to draw the boundary line at the edge of the floor; 
however, if you don’t include that line and the floor shape is modified in the future, the 
split face may be deleted because it is no longer a closed-loop sketch. 
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4. Click the Finish Edit Mode icon in the Mode panel. 


5. Return to the Modify tab in the ribbon and activate the Paint tool in the Geometry panel, 
just below the Split Face tool. 


6. In the Material Browser, type carpet in the filter search at the top. 


This will minimize your choices, allowing you to select Carpet Tile from the filtered list 
(Figure 13.18). 


FIGURE 13.18 S" 
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7. In the Level 1 floor plan, click near the edge of the split face you created earlier to assign 
the material. 


The result should look like Figure 13.19. 


8. Click the Done button in the Material Browser to exit the Paint command. 
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FIGURE 13.19 
Completed application 
of carpet tile material 
to a split face on a 
floor 





Modeling Thick Finishes 


Thicker finish materials such as tile, stone pavers, or terrazzo can be applied as unique floor 
types and modeled where required. For large areas of finish such as a public atrium or airport 
terminal, you can assign these materials within the layers of a floor assembly. When you need 
to add smaller areas of thick floor finishes, you may encounter one of two scenarios: with a 
depressed floor and without. 

In areas such as bathrooms, a thick-set tile floor may require the structural slab to be 
depressed in order to accommodate the thickness of the finish material. In Figure 13.20, the 
main floor object has been cut with an opening at the inside face of the walls. Another floor has 
been modeled with a negative offset value to accommodate the thickness of the tile material, 
and the tile has been placed as a unique floor element. 


FIGURE 13.20 

The thick tile finish 
and depressed slab are 
modeled as separate 
elements. 
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If you don’t need a finish but just a slab depression, you can create it with an in-place void 
extrusion. Select the Architecture tab in the ribbon and click Component > Model In-Place. 
Choose the Floors category and create a void extrusion where you need a slab depression. 
Remember to use the Cut Geometry tool to cut the void from the floor before finishing the 


Certification 
Objective 
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family. As an alternative, you can create a floor-based generic family that contains a parametric 
void extrusion. You can download the file c13-Slab-Depression.rfa as an example of this 
type of family from the book’s web page. 

Finally, if the structural requirements allow a thick finish to be applied to a floor without 
dropping the structural slab, a finish floor element can be modeled directly in place within 
the structural slab. As shown in Figure 13.21, the tile floor has been graphically embedded 
in the structural floor using the Join Geometry tool. To do this, click the Modify tab in the 
ribbon and click Join Geometry. Be sure to pick the finish floor before the structural floor or 
you will get an error. 


FIGURE 13.21 

The thick tile finish 
floor has been joined 
with the structural 
floor. 





Creating Ceilings 


Ceilings are system families composed of sketch-based elements that also serve as hosts for 
components such as light fixtures. Like other host elements such as floors and roofs, if a ceiling 
is deleted, hosted elements on that ceiling are also deleted. 

Ceilings are classified as either Basic Ceiling or Compound Ceiling. The Basic Ceiling family 
does not have a layered assembly and is represented in a section as a single line; however, it 
does have a material parameter that can display surface patterns in reflected ceiling plans and 
3D views. The Compound Ceiling family allows you to define a layered assembly of materials 
that are visible when displayed in a section view. As with floors, you can change ceiling types 
by selecting a ceiling in your project and choosing another type from the Type Selector in the 
Properties palette or with the Match Type Properties tool. 

Both the Basic Ceiling and Compound Ceiling types can serve as a host to hosted 
family components. Ceilings also serve as bounding elements for the volumetric calculation 
of rooms. This is critical when using environmental analysis programs. For more information 
about analysis for sustainable design, see Chapter 9, “Conceptual Design and Design Analysis.” 

You can create a ceiling in one of two ways: automatically or by sketching a boundary. When 
you select the ceiling tool from the Architecture tab of the ribbon, you can switch between the 
Automatic Ceiling and Sketch Ceiling modes at the right end of the ribbon. 
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Certification 
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In Automatic Ceiling mode, the software will try to determine the boundaries of a ceiling 
sketch when you place the cursor inside an enclosed space. If an enclosed space cannot be 
determined, the cursor will still indicate a circle/slash and you must switch to Sketch Ceiling 
mode. In this mode, you can use the Pick Walls method as discussed earlier in this chapter to 
create intelligent relationships with the bounding walls of the ceiling. 


CHECK YOUR CEILING HEIGHT 


When you are using Automatic Ceiling mode, be aware of the Height Offset From Level property 
when placing a ceiling within a space. If the Height Offset From Level value is higher than the 
height of the bounding walls, the ceiling cannot be placed in the space. 


Ceilings are best modeled in ceiling plans even though they can be created in a floor plan. 
When you place a ceiling, its elevation will be based on the level of the current plan with an 
offset from that level. With the Properties palette open, the Height Offset From Level value can 
be modified as you create ceilings. 


ROOM BOUNDING PERFORMANCE 


Floors, ceilings, and roofs all have the ability to be room-bounding elements. This parameter can be 
found in the instance properties of each object. If you are not using volume calculations for rooms 
or you don't intend to use the model for environmental analysis, you might consider turning off the 
Room Bounding parameter in horizontal objects. In larger Revit projects, unnecessary applications 
of the Room Bounding parameter may lead to reduced model performance. 


Understanding Roof Modeling Methods 


In today’s construction environment, roofs come in a great number of shapes and sizes. They 
can be as simple as a pitched shed roof or can involve complex double-curved surfaces or 
intersecting vaults. Once you understand the fundamental concepts, tools, and logic pertaining 
to roofs, you will be able to design almost any roof shape. 

Roofs are similar to floors and ceilings because they are sketch-based elements and can be 
defined in generic types or with specific material assemblies. You can also change a roof element 
from one type to another in the same manner as you can a floor or ceiling. A fundamental 
difference between floors and roofs is that a roof’s thickness is generated above its referencing level, 
not below. You can also easily create slopes in roofs by defining slopes in the roof’s sketch lines. 
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In general, roofs can be constructed in four different ways: 


+ 
+ 
+ 
+ 


By footprint 

By extrusion 

By face 

Modeled in place 


Before we start into how to create the roofs themselves, let’s take a look at some of the 
important instance properties for the roof family. These properties will need to be set properly 
to get the desired roof type, and they are all are found in the Properties palette (Figure 13.22). 


FIGURE 13.22 
Roof instance 
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Base Level As in other Revit elements, this is the level at which the roof is placed. The roof 
moves with this level if the level changes height. 
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Room Bounding When this is checked, the roof geometry has an effect on calculating 
room area and volume. 


Related To Mass This property is active only if a roof has been created with the roof-by- 
face method (Conceptual Mass tools). 


Base Offset From Level This option lowers or elevates the base of the roof relative to the 
base level. 


Cutoff Level Many roof shapes require a combination of several roofs on top of each 
other—for this you need to cut off the top of a lower roof to accommodate the creation of the 
next roof in the sequence. Figure 13.23 shows an excellent example of this technique. 


FIGURE 13.23 

The cutoff level 
applied to the main 
roof, and a secondary 
roof built on top of 
the main roof using 
the cutoff level asa 
base 





Cutoff Offset When the Cutoff tool is applied, the Cutoff Offset value also becomes active 
and allows you to set the cutoff distance from the level indicated in the Cutoff Level parameter. 


Rafter Cut This defines the eave shape. You can select from Plumb Cut, Two Cut—Plumb, 
or Two Cut-Square. When either Two Cut—Plumb or Two Cut—Square is selected, the Fascia 
Depth parameter is activated, and you can set the value for the depth. 


Rafter Or Truss With Rafter, the offset of the base is measured from the inside of the wall. 
If you choose Truss, the plate offset from the base is measured from the outside of the wall. 
Figure 13.24 illustrates the difference between the Rafter and Truss settings. 


The following sections provide a closer look at the different approaches to modeling roofs. 
FIGURE 13.24 
Rafter setting (left) 


and Truss setting 
(right) for roofs 


~ 
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Constructing a Roof by Footprint 


Use the roof-by-footprint method to create any standard roof that more or less follows the shape 
of the footprint of the building and is a simple combination of roof pitches (Figure 13.25). 


FIGURE 13.25 

A simple roof created 
using the roof-by- 
footprint method 





These roofs are based on a sketched shape that you define in plan view at the soffit level and 
that can be edited at any time during the development of a project from plan and axon 3D views. 
The shape can be drawn as a simple loop of lines, using the Line tool, or can be created using the 
Pick Walls method, which also should result in a closed loop of lines. 

To guide you through the creation of a roof by footprint and explain some of the main 
principles and tools, here is a brief exercise demonstrating the steps: 


1. Inanew project using any default template, open a Level 1 plan view and create a 
building footprint similar to Figure 13.26. 


Make sure the height of the walls is set to Unconnected: 20’-0” (6000 mm). 


FIGURE 13.26 
Sample building 
outline to be sketched 
on Level 1 


2. Activate the Level 2 plan; then select the Architecture tab in the ribbon and click Roof > 
Roof By Footprint. 


3. From the Draw panel in the Modify | Create Roof Footprint tab, select the Pick Walls tool 
(this should be the default). 
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4. 


When you've chosen to create a roof by footprint, the Options bar displays the following 
settings (change the Overhang value to 1-0” (300 mm)). 












[M] Defines slope | Overhang: 1° 0" | [_] Extend to wall core 





To define whether you want a sloped or flat roof, use the Defines Slope check box in the 
Options bar. The Overhang parameter allows you to define the value of the roof overhang 
beyond the wall. When the Extend To Wall Core option is checked, the overhang is 
measured from the wall core. If the option is deselected, the overhang is measured from 
the exterior face of the wall. 


After defining these settings, place the cursor over one of the walls (don’t click), and 
using the Tab key, select all connected walls. 


Your display should look like Figure 13.27. 


FIGURE 13.27 a 
Roof sketch lines are 


automatically drawn 

after Tab+selecting 

the bounding walls, 

and they are offset 

from the walls by the 

value of the overhang 

as defined in the ns 


Options bar. 


6. 


7. 





Select the three walls within the alcove, open the Properties palette, and uncheck the 
Defines Roof Slope parameter, as shown in Figure 13.28. 


Click the Finish Edit Mode icon in the Mode panel of the ribbon. If you are prompted 
with the question, “Would you like to attach the highlighted walls to the roof?” click the 
Yes button. Activate a 3D view, and your roof should like the image in Figure 13.25 shown 
previously. 


If the shape of the roof doesn’t correspond to your expectations, you can select the roof and 
select Edit Footprint from the Mode panel in the Modify | Roofs tab to return to Sketch mode, 
where you can edit lines, sketch new lines, pick new walls, or modify the slope. 

To change the slope definition or angle of individual portions of the roof while editing a 
roof’s footprint, select the sketch line of the roof portion for which you want to change the slope 
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and toggle (check) the Defines Slope button in the Options bar, toggle the Defines Roof Slope 
parameter in the Properties palette, or right-click and choose Toggle Slope Defining. If you 
mistakenly made all roof sides with slope but wanted to make a flat roof, you can Tab+select 

all sketch lines that form the roof shape and clear the Defines Slope box in the Options bar. You 
can dynamically change the roof slope by selecting the roof and then selecting the blue grips 
(Figure 13.29) and dragging them either up or down to make the roof pitch steeper or shallower. 
This is a great way to make quick (although not precise) edits to the roof pitch. 





FIGURE 13.28 Properties i 2 
Uncheck the Defines 
Roof Slope parameter 
for two of the roof’s | | a Es. Fh 
boundary lines. sSkerch> (3) — aS) EE Eda yya 1 , 

Constraints 2 | 

Defines Roof Slope 

Overhang tr | 

Plate Offset From Base 0 g" 

Extend into wall (to core) [| 

Dimensions R . 

Slope g yi2 | | 

Length ! . = 
FIGURE 13.29 


Select the roof and 
use the blue grips to 
dynamically change 
the roof slope. 





Roof slope can be measured in two different ways: as an angle or as a percentage rise. You 
can find all slope-measuring options in the Manage tab by selecting Project Units in the Project 
Settings panel and then selecting Slope to open the Format dialog box (see Figure 13.30). If the 
current slope value is not in units you want to have (suppose it displays percentage but you 
want it to display an angle), change the slope units in the Format dialog box—you will not 
be able to do that while editing the roof slope. Setting it here means specifying the way you 
measure slopes for the entire project. 
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FIGURE 13.30 
Format dialog box for 
slopes Hse project settings 


Units: ‘Rise | 12" 


Rounding: Jalmi irn 


To the nearest 1/2" 9 ¥ 


ME symIa 


| Suppress trailing Os 
Suppress U feel 
Show + for positive values 
| Use digit grouping 


SUDITESS spaces 





Applying a Roof by Extrusion 


The roof by extrusion method is best applied for roof shapes that are generated by extrusion of 
a profile, such as sawtooth roofs, barrel vaults, and waveform roofs. Like the roof-by-footprint 
method, it is based on a sketch; however, the sketch that defines the shape of the roof is drawn in 


elevation or section view (not in plan view) and is then extruded along the plan of the building 
(see Figure 13.31). 


FIGURE 13.31 
An extruded spline- 
shaped roof 





Roofs by extrusion do not have an option to follow the building footprint, but that is often 
needed to accommodate the requirements of the design. To accomplish this, you can use the 
Vertical Opening tool to trim the edges of an extruded roof relative to the building outline. 


Up 


Vertical 






Opening 
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Let’s briefly review the concept behind the Vertical Opening tool: You create a roof by 
extrusion by defining a profile in elevation or 3D that is then extruded above the building. The 
extrusion is usually based on a work plane that is not perpendicular to the building footprint, 
as shown in Figure 13.32. If the shape of the building is nonrectangular in footprint or the shape 
of the roof you want to create is not to be rectangular, this tool will let you carve geometry from 
the roof to match the footprint of the building or get any plan shape you need using a plan 
sketch. 


FIGURE 13.32 
Extruded roof created 
at an angle to the 
building geometry 





With sketch-based design, any closed loop of lines creates a positive shape; every loop inside 
it is negative, the next one inside that negative one will be positive, and so on. In Figure 13.33, a 
roof by extrusion was drawn at an angle to the underlying walls, but the final roof shape should 
be limited to a small offset from the walls. To clip the roof to the shape of the building footprint, 
the Vertical Opening tool was used to draw, in plan view of the roof, a negative shape that will 
remove the portions of the roof that extend beyond the walls. 


FIGURE 13.33 

The Vertical Opening 
tool with two sketch 
loops trims the roof 
to the inner loop. 





Roof In-place 

The roof in-place technique accommodates roof shapes that cannot be achieved with either 

of the previously mentioned methods. It is the usual way to model historic roof shapes or 
challenging roof geometries such as those illustrated in Figure 13.34. The figure shows a 
barrel roof with a half dome (Extrusion + 1/2 Revolve), a dome roof (Revolve only or Revolve + 
Extrusion), and a traditional Russian onion dome (Revolve only). 
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FIGURE 13.34 
Examples of modeled 
in-place roofs 





To create an in-place roof, select the Architecture tab in the ribbon and click Component > 
Model In-Place from the Build panel. Select Roofs from the Family Category list and click OK. 
While you remain in the In-Place Family editing mode, you can create any roof shape using 
solids and voids of extrusions, blends, revolves, sweeps, and swept blends (Figure 13.35). More 
advanced editing techniques are discussed later in this chapter, in the section “Using Advanced 
Shape Editing with Floors and Roofs.” 


FIGURE 13.35 
Organic-shaped roof 
created using the 
Swept Blend modeling 
technique 





Creating a Roof by Face 


The Roof By Face tool is to be used when you have created an in-place mass or loaded a mass 
family. These types of roofs are typically more integrated with the overall building geometry 
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than the examples we’ve shown for in-place roofs. You can find more detailed information about 
using face-based methods in Chapter 8. 


Creating a Sloped Glazing 


In Chapter 12, you learned that a curtain wall is just another wall type made out of panels and 
mullions organized in a grid system. Similarly, sloped glazing is just another type of a roof that 
has glass as material and mullions for divisions. Using sloped glazing, you can make roof lights 
and shed lights and use them to design simple framing structures. 

To create sloped glazing, make a simple pitched roof, select it, and use the Properties palette 
to change the type to Sloped Glazing. Once you have done that, activate a 3D view and use the 
Curtain Grid tool from the Build panel of the Architecture tab in the ribbon to start applying 
horizontal or vertical grids that define the panel sizes; then you can apply mullions using the 
Mullion tool in the Build panel. Figure 13.36 illustrates an example of a standard gable roof that 
has been converted to sloped glazing. Refer to Chapter 12 for more information on using the 
Curtain Grid and Mullion tools. 


FIGURE 13.36 
Sloped glazing is 
created by switching 
a standard roof to the 
Sloped Glazing type 
and assigning grids 
and mullions. 





Using Slope Arrows 


If your design calls for a sloped roof with an unusual footprint that does not easily lend 
itself to using the Defines Slope property of boundary lines, slope arrows can be added 
within the sketch of the roof. First, create the sketch lines to define the shape of a roof, 
but don’t check Defines Slope in the Options bar. Instead, choose the Slope Arrow tool 
from the Draw panel. Draw the slope arrow in the direction you want your roof to pitch. 
Select the arrow, and in the Properties palette, you can set any of the parameters, as shown 
in Figure 13.37. The Specify parameter can be set to either Height At Tail or Slope. If you 
choose Height At Tail, be sure to specify the Height Offset At Head parameter as the end 
result of the desired slope. 
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FIGURE 13.37 
Defining the 
properties of a slope 
arrow added to an 
irregular footprint 
roof sketch 
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Constraints z 
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Level at Head Default | 
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Using Additional Roof Tools 
The following three roof tools (Figure 13.38) can be found under the Roof flyout: 


@ Roof: Soffit 
@ Roof: Fascia 
@ Roof: Gutter 


Each of these tools behaves in a similar fashion—it uses a profile that is swept along the edge 
of the roof. 





FIGURE 13.38 ' 
Edge condition roof Zb Roof: Soffit 


tools 


> Roof: Fascia 


The difference between these tools is fairly simple. The Soffit tool will sweep a profile to the 
underside of a roof overhang parallel to the ground. The Fascia tool will sweep a profile along 
the vertical face of the roof edge, and the Gutter tool will sweep a profile along one of the edges 
of the roof. Try these tools on the roofs you've created in this chapter to better understand how 
they react to roof conditions. You can see how the Gutter tool looks using the default profile in 
Figure 13.39. 

Don't feel you're limited to residential uses with these tools—as an example, the Gutter 
tool can be used to create a break metal cap for a flat roof parapet. Do be careful when you are 
picking an edge to apply the Gutter tool. The best approach is to pick in-plan views because 
the Gutter tool will default to the lower of the two edges so your gutters will be all placed at a 
consistent level. 
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FIGURE 13.39 
The Gutter tool 





(b) 


CREATING A DORMER STEP BY STEP 


Roofs with dormers generally cause grief for architects, so we'll guide you through the creation 
of one: 


1. Create the base of a building, set up three levels, and create a roof by footprint with Defines Slope 
checked for all sides. 


2. Approximately in the position indicated in the following illustration, on Level 2 create the four 
walls of a dormer. Set their height to a value that makes them extend above the roof. 


For easier verification, create a cross section through the dormer to check the height of the 
dormer walls and, if necessary, modify their height in the Properties palette so that they 
extend above the roof. 





3. Using the Roof By Footprint tool, create a pitched roof on top of the dormer walls. 


(continues) 
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(continued) 


4. Ifyouswitch toa side elevation view, you will notice that the dormer roof probably does not extend 
to meet the main roof, so you will need to use the Join/Unjoin Roof tool, located in the Modify 
tab in the Edit Geometry panel, to join the main roof and the dormer. Select the Join/Unjoin Roof 
tool, select the main roof as the target, and then select the edge of the dormer roof to extend it. 





5. From the Opening panel on the Architecture tab, select Dormer. Now pick first the main roof 
and then the dormer roof, and then select the sides of the walls that define the dormer. Select the 
inside faces of the walls. 


Unlike most sketches, you will not need to provide a closed loop of lines in this case. Finish 
the dormer opening. 





6. Finally, go back to the section view you previously created and edit the elevation profile of the side 
walls to make sure they don’t extend below or above the roofs. 
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You should not use the Top/Base Attach tool for tricky modeling scenarios such as the roof 
dormer as the attachment may fail. Instead, select the wall and use the Edit Profile tool available 
in the Mode panel of the Modify | Walls tab to edit its elevation profile and manually resketch 
the edge lines of the walls to get the triangular elevation profile as shown. 





Asa final option, you can convert the front wall of the dormer to a storefront wall type or add 
a window. 





Using Advanced Shape Editing with Floors and Roofs 


No flat roof is ever really flat! Fortunately there are tools that allow you to model tapered insulation 
over a flat roof and similar conditions to give the roof a small pitch. These powerful tools are 
modifiers that are applicable to roofs and floors and will allow you to model concrete slabs with 
multiple slopes for sidewalks or roof assemblies with tapered insulation (see Figure 13.40). 
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FIGURE 13.40 
Roof with sloped 
drainage layer 
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The set of tools available for editing floor and roof shapes appears in the ribbon when 


you select a flat floor or roof. If the Reset Shape command is inactive, that means the selected 
element has not been modified with the shape editing tools. 


AN 7) Add Point SS 

IN 5 
Add Split Line 

wan, ee Reset 

Sub Elements $ Pick Supports Shape 

Shape Editing 





Let’s look at what each tool does: 


Modify Sub Elements This tool allows you to directly edit element geometry by selecting 
and modifying points and edges. If you don’t create any additional points or split lines before 
activating this tool, the object’s outer edges and corners will be available for editing. 


Add Point This tool allows you to add points on the top face of a roof or floor. Points can 
be added on edges or surfaces and can be modified after placement using the Modify Sub 
Elements tool. 


Add Split Line This tool allows you to sketch directly on the top face of the element, which 
adds vertices so that hips and valleys can be created when the elevations of the lines are 
modified using the Modify Sub Elements tool. 


Pick Supports This tool allows you to pick linear beams and walls in order to create new 
split edges and set the slope and/or elevation of the floor or roof automatically. 


Once a floor or roof has been modified using any of these tools, the Reset Shape button will 


become active. You can use this tool to remove all modifications you applied to the selected 
floor or roof. 


Creating a Roof with a Sloped Topping 


Let’s work through an exercise that shows you how to make a roof with a sloped topping like 
the one shown in Figure 13.41 (shown in plan view). 


Follow these steps: 


1. Open c13-Roof-Edit.rvt or c13-Roof-Edit-Metric.rvt from the book’s web page. 
Activate the Roof floor plan. 
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2. Select the roof that has already been prepared for you. 


3. Activate the Add Split Line tool (the color of the rest of the model grays out while the roof 
lines are dashed green). 


FIGURE 13.41 = es =e 
A roof plan showing 
a roof divided in 


segments, with 
drainage points 





4. Sketch two ridge lines to divide the roof into three areas that will be independently 
drained. 


The ridge lines will be drawn in blue. 
5. Using the same tool, draw diagonal lines within those areas to create the valleys. 


Make sure you zoom in closely when drawing the diagonal lines, and be sure that you 
are snapping in the exact same dividing points. (If you notice that the split lines are not 
snapped to the correct points, select the Modify Sub Elements tool, pick the incorrect 
lines, delete them, and try again.) 


You have split the roof surface into many regions, but they are still all at the same height 
and pitch. You should have a roof that looks like Figure 13.42. 


Press the Esc key or click the Modify button to stop the editing mode. 


FIGURE 13.42 
Using the Add Split 
Line tool, you can 
create ridges and 
valleys. 





6. Switch to a 3D view. 


7. To add a slope, you need to edit the height of the drainage points or the heights of the 
edges and ridges created by the split lines. For this exercise, you will raise the elevation of 
the boundary edges and ridges. Activate the Modify Sub Elements tool and select an edge 
of the roof (dashed green line). New controls that allow you to edit the text will appear, 
and you can either move the arrows up and down or type ina value for the height. Type 
in 1-0” (300 mm). 
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8. Repeat step 7 for all boundary edges and the two north-south split lines forming the 
ridges between the drainage areas. 


9. Make a section through the roof—if possible, somewhere through one of the drainage 
points. Open the section; change Detail Level to Fine to see all layers. 


The entire roof structure is now sloped toward the drainage point. 





rr =—— 
SSS = SS — ĀE 





Applying a Variable Thickness to a Roof Layer 


What if you wanted the insulation to be tapered but not the structure? For that, the layers of the 
roofs can now have variable thickness. Let’s see how to apply a variable thickness to a layer of 
the roof assembly. 


1. Continuing with the c13-Roof-Edit.rvt or c13-Roof-Edit-Metric.rvt file from the 
previous exercise, select the roof, and in the Properties palette select Edit Type to view 
the roof’s type properties. Click Edit in the Structure row to edit the layers of the roof 
assembly. 


2. Activate the preview. You will notice that in the roof-structure preview, you do not see 
any slopes. That is correct and will not change. This preview is just a schematic preview 
of the structure and does not show the exact sloping. Look for the Variable column under 
Layers, as shown in Figure 13.43. This allows layers of the roof to vary in thickness when 
slopes are present. Check the Variable option for the insulation material. 


FIGURE 13.43 
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3. Go back to the section view and observe the changes in the roof assembly. 


As you can see, only the insulation is tapered, while the structure remains flat. 


You will only be able to modify an adjustable layer of a floor or roof with a negative value 
to the next nonadjustable layer of the assembly. In the previous exercise, for example, if you 
modified the drainage points by more than —0’-5” (-130 mm), an error would be generated, and 
the edits to the roof would be removed. You must think about the design requirements of your 
roof or floor assembly when planning how to model adjustable layers. An alternative approach 
to the previous exercise might have been to increase the thickness of the insulation layer in 
the roof assembly to that required at the high pitch points. The drainage points could then be 
lowered relative to the boundary edges and ridge lines. 


The Bottom Line 


Understand floor modeling methods. Floors make up one of the most fundamental, 
sketch-based system families used in a Revit model. You can customize them to 
accommodate a variety of assumptions at various stages of design. 


Master It How can you create a structural floor with integrated metal decking? 


Model various floor finishes. Thick and thin floor finishes can be created to support 
tagging, scheduling, and quantity takeoffs. 


Master It How would you represent a thin finish material in your project such as 
carpet? 


Create ceilings. Ceilings are sketch-based system families that can host objects such as 
light fixtures and HVAC diffusers. 


Master It What’s the best way to model a ceiling within a space? 


Understand roof modeling methods. Roofs can be modeled as simple single-pitch shed 
roofs or complex extrusions of sinuous curves. 


Master It What is the best way to create a single vault roof? 


Work with advanced shape editing for floors and roofs. A small but powerful toolset 
is available for extended editing of floor and roof objects. These tools allow you to create 
warped floor slabs and tapered layers of roof assemblies. 


Master It How do you create a drainage point in a flat roof slab? 





Designing with the Family Editor 


In previous chapters, we have discussed the modeling techniques for system families such as 
walls, roofs, floors, and ceilings. Although system families are essentially rule-based assemblies 
applied to sketch-based forms, component families are more self-contained. Another way to 
explain the difference is that system families are the objects you usually quantify in terms of 
linear units, surface area, or volume, whereas component families are most often counted objects. 
Such families include doors, windows, furniture, light fixtures, plumbing fixtures, and so on. 


In Autodesk® Revit® Architecture software, the Family Editor is where you'll create these 
component families. If you’re familiar with other 3D modeling applications, the good news is 
that it will be easy to get started. But the really great news is that if you’ve never modeled in 3D, 
learning to create 3D content for the first time in Revit is a very satisfying process. 

So relax, and prepare yourself for getting excited about design. Once you understand how 
to create parametric content in the Family Editor, you'll probably realize you can do anything 
in Revit. We'll begin this chapter by discussing some of the general topics that are important to 
understand about the Family Editor and creating component families. Then you will use some 
of this knowledge to create your own component family in a detailed exercise. 

In this chapter, you'll learn to: 


Get started with a family 


@ Create the framework for a family component 
@ Understand family modeling techniques 
@ Apply extended family management techniques 


Getting Started with a Family 


Many generic 3D modeling applications allow you to create content that will be used in designing 
your buildings, and modeling in 3D is certainly a big part of the Family Editor. But the key to the 
Family Editor is that you're not just modeling; rather you are modeling something specific. The 
thing that you're trying to design is meant to be a particular thing and behave in a particular way. 

So when you're modeling in the Family Editor, you're not just trying to model how and what 
something is; youre also trying to predict how it might change. Anticipating change is essential 
to creating great, flexible content that is able to quickly and easily reflect your design changes. 

For example, take a simple table. If you were to model this table in a program like Rhino, what 
you'd have when you've finished is exactly what you’ve modeled. But think about the design 
process and how often during design you'll need to iterate something like height, length, width, 
or material. In the real world, each of these parameters is critical. Suppose you have only three 
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options for each of these values—this results in 81 permutations! Who has time to manually create 
each of these options? But this is what you'd have to do if you were using a generic modeler rather 
than Revit, where these options are driven by rules. By using parameters to define dimensions, 
materials, nested elements, and more, you can create additional permutations on the fly. 


Understanding In-place Families 


In the previous chapter, you learned how to create an in-place void family in order to customize 
the edge of a floor slab. Although some truly unique content in your project can be modeled 
using in-place families, it is often a dead-end process that robs you of hours of otherwise 
productive time for a number of reasons. 

First, an in-place family should be used only in cases where the object that you're making is not 
likely to be moved, rotated, or copied. Any attempt to move, rotate, or copy an in-place family can 
often have unintended consequences that are difficult to remedy. For example, if you model an 
in-place family and then create copies in your project, they may all initially look the same, but in fact 
you're creating new unique families—not just copied instances of the same family. Therefore, if you 
modify one of the copied instances of an in-place family, the other copy will remain unchanged. 

Second, each copied instance will schedule independently from the other instances as 
separate line items. This is often not desirable because you may want to group like elements 
together in a schedule. 

Finally, there’s no way to convert an in-place family into a component family. In some cases, 
you can copy and paste sketch lines or other 2D elements between the project and family 
environments. But if you try to copy and paste geometry from the project environment to the 
Family Editor, you'll get an error stating that you can’t copy between family and project. The 
only way to proceed is to start again in the Family Editor. 


CD Real World Scenario 


CONTENT GUIDELINES AND STANDARDS 


Before you begin to create your own custom content, you should be aware of the vast number of 
online content providers in the AEC industry. As of this writing, there are over 1,000 building prod- 
uct manufacturers providing Revit families. There are also over 20 online content-hosting providers 
such as Autodesk Seek, RevitCity, National BIM Library, BIMstore, and ARCAT BIM Objects (just 
to name a few). Because most of these providers offer content for free, how can you be sure that the 
content you download will be usable or will support extended interoperability and collaboration? 


A few of the content-aggregating sites offer content standards or guidelines. One example can be 
found on the Autodesk® Seek site: http: //seek. autodesk. com 


In the Manufacturer Area, click on Resources and you will find the Revit Model Content Style Guide. 
The Style Guide contains very detailed information, including standardized shared parameters, 
model-object subcategories, and naming conventions. These guidelines are quite thorough, but they 
only ensure that content is consistent when it is hosted and downloaded from the Autodesk Seek 
site. There are no international, platform-independent content standards to help you develop content 
that will offer maximum potential for data interoperability. That said, efforts are under way within 
the buildingSMART International community (www. buildingsmart.org) to help set a standard 
in the future. 


Certification 
Objective 


GETTING STARTED WITHAFAMILY| 597 


Choosing the Right Family Template and Category 


The first thing you'll want to consider in creating a component family is to determine what 
kind of component you want to build—in other words, you need to select an appropriate 
category. As we discuss in various chapters throughout this book, there are many predefined 
categories within a Revit project. You can create a new family from the Application menu by 
clicking New > Family. This command will open a dialog box where you can choose from a 
vast selection of family templates (Figure 14.1). Templates for component families use the RFT 


file format. 


FIGURE 14.1 

Select a family 
template to begin 
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From the New Family dialog box, select Generic Model.rft orMetric Generic Model 
.¢ft and then click Open. If you can’t find either template file, you can download them from 
this book’s web page at ww. sybex.com/go/masteringrevitarch2016. Selecting the right 
family template is important because it determines a lot of the family’s behavior. For example, 
a baluster template contains default datum objects that relate to the geometry of a railing 


(Figure 14.2). 


Aside from some specific cases like balusters, the family template’s primary function is to 
assign a category. In some cases, you can change the category of the family after it has been 
created. In the family you just started to create, switch to the Properties panel in the Create tab 
in the ribbon, and then click the Family Category And Parameters button. In the dialog box 
shown in Figure 14.3, you will see that this Generic Models family is capable of being assigned 
to another category. This is helpful if you need to schedule a family in a different category than 
the one you initially selected. But in many cases, categories cannot be switched, and hosted 
or face-based components cannot be changed to unhosted (and vice versa). It is also difficult 
to convert a family that has many modeled elements to another category because you may be 
forced to reassign all the modeled elements to new subcategories. 
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Some categories are hardwired for specific behavior, and if you change from one such 
category to another, you can’t go back. For example, if you start a family in one of the baluster 
templates, you can switch to another category. But after having done so, you cannot switch the 
family back to being a baluster. Knowing what you want to create before you begin helps you 
minimize the amount of switching you need to do later in the process. 

You should become familiar with the following characteristics that relate to a family’s 
assigned category. 


SCHEDULING 


Remember that as you start anew component the category you select controls how the family 
component will schedule. For example, you wouldn't select the Furniture category to develop 

a family that you want to schedule as a plumbing fixture. Most of the categories you will 

use as you develop custom content will be self-explanatory; however, there may be some 
building elements for which you may need to think about categorization. One example is a 
vertical circulation component such as an elevator or escalator. You might select the Specialty 
Equipment category, but that category does not allow the geometry to be cut in a plan or section 
view. Perhaps you would use the Generic Models category instead, but you would need to 

use other parameters to schedule these types of families separately from other generic model 
families in your project. 


USING PROJECTION AND CUT VALUES 


Another important characteristic of the family category is that it will control whether a family 
will “cut” when intersecting a view plane (plan, section, elevation, and so on). For example, 
convention dictates that when furniture encounters a cut plane, you should show a projected 
view rather than a sectional view. 

Revit respects this convention by cutting some categories while not cutting others. You can 
figure out which categories cut or don’t cut by going to the Manage tab and clicking Object 
Styles. As you can see, categories such as Casework, Ceilings, and Columns have line weight 
values in the Cut column, whereas categories such as Electrical Equipment, Furniture, and 
Lighting Fixtures do not. 


ASSIGNING PARAMETERS 


As you start to get into the parameters that can control a family’s geometry, material, or other 
value, keep in mind that it’s not always necessary to create components as fully parametric. This 
is especially true of the first pass. The location and spacing of content are often more important 
than whether the family can flex geometrically. 

Nonparametric families often occur when the component being modeled is specific and 
highly unique. It may have parameters that control materials or a few other values, but not 
much more. At this point, little more than selecting the right category and insertion point 
is necessary. It’s often far more efficient to maintain design relationships by modifying the 
component in the Family Editor and then reloading it into the project—at least until more is 
known about the design. When more is known, you can open the family and embed more 
parameters. 
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Certification 
Objective 


FIGURE 14.4 
Wall-hosted plumbing 
fixtures 


Choosing Between Hosted and Nonhosted Family Types 


The next important question you need to ask yourself as you select your family template is 
whether the family is meant to be hosted or nonhosted. If you make the wrong decision here, 
you'll have to start over to switch between these types. To identify the difference between 
hosted and nonhosted family types, examine the family templates shown previously in Figure 
14.1. Some of the filenames are indicated as “ceiling based” or “wall based.” These templates are 
used to create hosted families. Most of the other templates such as Casework.rft, Furniture. 
rft,Metric Casework.rft,Metric Furniture.rft,and Metric Generic Model.rft 
are nonhosted. 

First, keep in mind that hosted objects are meant to cut or create an opening or depression 
in their host. Obviously, a window needs to cut the wall into which it will be placed, or a fire 
extinguisher case will often need to generate a recess in the host wall. Second, if the component 
is to be hosted and your'e certain that it needs to create an opening in its host, it can cut only 
one type of host. For example, a lighting fixture that is wall-based may not be hosted by a 
ceiling. 

Want to see a bad example of this? Download and open the Tub-RectangulLar-3D.rfa 
family from this book’s web page (Figure 14.4). 





What’s wrong with this picture? First, this tub is wall hosted and not all tubs need walls, so 
you'll have to make another family that has no host in order to place the tub where there is no 
wall. This seems a bit redundant because one tub will do. 
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Second, if you delete a host, all the hosted elements are deleted as well. This makes some 
sense when you delete a wall that hosts windows or doors. But it will certainly lead to a lot of 
frustration if you delete a wall that hosts bathroom fixtures! 

We can’t stress this enough: You should avoid creating hosted relationships between objects 
that do not require hosting (that do not cut or otherwise modify the host). This discussion brings 
up an interesting point. Rather than use hosted elements, why not make elements face-based? 
There are some advantages: 


@ You don’t have to decide ona particular host. Any surface will do: Wall, Ceiling, Top Of 
Casework, anything that has a face. This is great if the lighting component you're creating 
needs to cut into a wall, floor, and ceiling! 


@ A face-based element can cut the face of geometry in both the project and family editing 
environment. So the light fixture that cuts a wall ina project can cut the face of a piece of 
casework in the Family Editor. 


@ Deleting the host will not delete the component. Is this desirable? Maybe sometimes, but 
not always. What’s important is that you have the option if the component is face-based. 
You won't have the option if the component is hosted. 


@ You can place face-based families on host elements from a linked project model. This 
works great when an architectural model is linked into an engineer’s model for placement 
of electrical or plumbing fixtures. 


Creating Other Types of Families in the Family Editor 


Now that you understand the importance of selecting between a hosted or nonhosted family 
template, you should become familiar with some other types of families you can create in the 
Family Editor. 


PLACING LINE-BASED COMPONENTS 


This is a less common type of family that allows you to place components in the project 
environment as lines. Line-based families can take advantage of line-based tools such as Trim/ 
Extend and Split and can also support parametric arrays. 

Generic model, detail item, and structural stiffener are the only family categories currently 
available to be used as a line-based component. An example of one is a generic model created 
by Steve Stafford for his Revit OpEd blog (Figure 14.5). This family is used to lay out egress 
paths and then calculate the total travel distance in a schedule. You can download this 
family here: 


http: //revitoped.blogspot.com/2007/01/egress-path. html 


USING DETAIL COMPONENTS 


Some types of families consist of only 2D elements—these are called detail components. They 
are most often used in drafting views; however, detail components can also be placed in plan, 
elevation, and section views. The benefit of using detail components, as compared to individual 
lines and filled regions, is that a detail component can be reused many times, thus increasing 
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FIGURE 14.5 

An example of a 
generic line-based 
family 


FIGURE 14.6 

A default family 
illustrating a nested 
annotation symbol 
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drafting productivity; quality is increased by allowing control of repetitive detail elements and 
they support keynote and tagging abilities. We discuss detail components further in Chapter 16, 
“Detailing Your Design.” 


PLACING ANNOTATION SYMBOLS 


Much like detail components, annotation symbols are families that contain only 2D graphics, 
including lines, text, and fill or masking regions. They are different from detail components 
because annotation symbols will react to the scale of the view in which they are placed. Aside 
from the common uses of annotation symbols such as tags, north arrows, or graphic scales, you 
can nest annotation symbols in other types of model families to customize and better manage 
your approach to project documentation. Consider some of the families for electrical terminal 
fixtures in the default library. These families include a 3D representation of a small element, 
such as a receptacle plate that will be seen in an elevation view, but they also include a generic 
annotation to represent the object with a scaled symbol in a plan view, as shown in Figure 14.6. 





In Chapter 4, “Configuring Templates and Standards,” we showed you how to build custom 
annotation symbols for use in your own projects or templates. 


CREATING MASS FAMILIES 


Mass families are special components that are created in a slightly different environment of 
the Family Editor called the conceptual design environment (CDE). Within this environment, 
you use tools to sketch lines that are used to generate forms almost automatically. As shown in 
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Figure 14.7, the line tools in the ribbon of the CDE allow you to sketch first, select lines, and then 
use the Create Form button. After a form has been created, it can be subdivided for additional 
articulation. 
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USING MASS FAMILIES WITH AN APPLICATION 


We discuss using mass families with greater detail in Chapter 8, “Advanced Modeling and 
Massing.” If you have an Apple iPad or Android tablet, you might also want to experiment 

with the free Autodesk® Formlt mobile application. It’s also available as a web application here: 
http: //beta.autodeskformit.com. With this design application, you can quickly generate and 
study forms—including the ability to analyze gross floor area and shadows (Figure 14.8). When 
the app synchronizes with your Autodesk® A360 cloud account, it will automatically convert 
the designs to RVT project files where the modeled geometry is represented as in-place masses. 


FIGURE 14.8 Pad "T 
The Autodesk Formit p 12-11-29 21.12.58 
application can be ; 
used to generate mass 
forms. 





USING ADAPTIVE COMPONENTS 


Finally, a special type of dynamic family that is used in the CDE is known as an adaptive 
component. These families are an adaptation of the pattern-based curtain panel concept, but you 
can use them in geometry other than divided surfaces. You can learn more about creating and 
using adaptive components in Chapter 12, “Creating Walls and Curtain Walls,” and Chapter 9, 
“Conceptual Design and Design Analysis.” 
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Understanding the Family Editor 


The Family Editor isn’t a different software application that you need to install. It is simply 
a unique mode within Revit that has tools and commands specifically designed to create 
component content. After you launch the command to make a new family and you choose a 
family template, you will enter the Family Editor. If you happen to have a project file open, you 
can switch back and forth between a family file and the project just the same way you'd toggle 
between the open views of a project. 

Depending on the type of family you are building, the Create tab in the ribbon will have 
slightly different tools. In this chapter, you will be using the Furniture family template, and the 
Create tab will have specific 3D modeling tools, as shown in Figure 14.9. 





FIGURE 14.9 
The Create tab for 
model families 
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If you were creating a detail component or annotation family, neither of which can contain 
3D geometry, the Create tab displays only 2D tools such as Line, Filled Region, and Label 
(Figure 14.10). 
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Within the Family Editor, you also have the ability to include imported CAD data. From the 
Insert tab in the ribbon, you can use the Import CAD tool to utilize 2D or 3D information from 
another source. You cannot use the Link CAD tool in the Family Editor; therefore, any data 
imported to a family will not update if the original CAD file is changed. 

A feature in Revit is the ability to explode and then manipulate imported 3D solid CAD 
geometry. You can experiment with this feature by downloading the file ImportCAD.sat from 
this book’s web page. 

Switch to the Insert tab, click the Import CAD tool, and then browse to the location where 
you downloaded the sample SAT file. You'll have to change the Files Of Type drop-down list to 
ACIS SAT Files. Use the default settings and click Open. After the model has loaded, go to the 
default 3D view and press ZF for the Zoom To Fit command. Select the imported geometry, and 
from the contextual tab in the ribbon choose Explode > Full Explode. Select the solid geometry 
again, and you'll notice that the imported model is now ready to be manipulated with a series of 
grip controls (Figure 14.11). Delete the imported geometry before continuing with the exercise in 
this chapter. 

Another tab in the Family Editor that might seem familiar is the Annotate tab. Here you will 
find tools for dimensions, symbolic lines, and text. Ina model component, dimensions and text 
placed in the Family Editor are not visible when the family is loaded and placed in a project. 
Although text can be used for reference notes in the Family Editor, dimensions are used to 
control and drive the geometry. You'll learn much more about parametric dimensions later in 
this chapter. 
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FIGURE 14.11 
Imported solid 
geometry can 
be exploded and 
manipulated. 





The tools in the Detail panel of the Annotate tab in the ribbon allow you to create some 2D 
geometry within a 3D family. This is especially useful if you have a somewhat complex model 
that you would like to display as a simplified graphic in a plan view. For example, you may have 
a detailed 3D model of a bathroom water closet (toilet) fixture. If such a model was composed 
of complex curved surfaces and solids, displaying many of these components in a project 
view might ultimately begin to degrade visual performance. Instead, the 3D geometry can be 
assigned to not display in a plan view, while you include a simple sketch of the fixture in the 
plan view of the family. Your renderings, sections, and elevations will display the 3D family 
geometry, while your plan views will remain simple and fast. 

One final aspect to understand about the Family Editor is the ability to use multiple views 
to visualize your design. Similar to the project environment, it lets you create as many views 
as you need to help visualize the content in your family. The Ref. Level plan view can be 
duplicated if you need to examine your family at different elevations. Simply change the View 
Range properties of each plan view to control the height of the view’s cut plane. From the View 
tab in the ribbon, you can also create camera views and sections within the family. 


Developing the Framework for a Family Component 


Now that we’ve discussed some of the basic definitions and rules of the Family Editor, we'll talk 
about the hierarchy of creating a family component. 

In this section you will work through the fundamentals of creating a family in terms of 
datum objects, constraints, parameters, materials, subcategories, and visibility settings. Later in 
the chapter, you will learn more advanced modeling and parametric techniques. 

Click the Application menu and then select New > Family. Use the Furniture.rft or 
Metric Furniture.rft family template, which is available for download with this chapter’s 
exercise files from the book’s web page. 
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Creating the Necessary Reference Planes, Lines, and Points 


In the project environment, datum objects are available for you to control and manage the 
location and behavior of modeled geometry. In previous chapters, we have discussed the use of 
grids, levels, and reference planes, but these data are also extremely important in a component 
family. When used in the Family Editor, reference planes, lines, and points will function as the 
skeleton for the solid and void geometry you build. 

To be clear about the usage of datum objects in families, they are not required to construct 
geometry; however, if you're confident that what you're about to model in the Family Editor will 
need to flex (have a modifiable length, angle, location, and so on) from within the rules of the 
family, then it’s important that you begin by first creating the rules that will allow the geometry 
to move. 

With few exceptions, you don't want to give parameters to the geometry itself. Instead, you'll want 
to create the necessary reference planes, lines, and points first. Then associate the parameters 
to these references and whenever possible test the parameters to make sure the references are 
flexing properly. Once you're confident the references are flexing, you can build the geometry 
in context to the references, again testing to make certain that when the references flex, the 
geometry is flexing as well. 

The type of datum object you use is based on how you want the geometry to flex: 


Reference Planes These define a single plane that can be set to host sketch lines or 
geometry. They’re best for controlling linear geometric relationships—that is to say, geometry 
that will flex in a linear fashion. Reference planes don’t have endpoints. This is important 
because you don’t want to use reference planes for controlling angular or directional 
relationships. 


As illustrated in the plan view of the Desk.rfa family, the linear parameters of Depth and 
Width are appropriately assigned to reference planes. All of these geometric constraints are 
parallel to one another (Figure 14.12). 
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Reference Lines By definition these datum objects have endpoints and are great for 
controlling angular and directional relationships. They can have four axes of reference, two 
along the length of the line (which are perpendicular to each other) and one at each end that 
is perpendicular to the line. 


You can also create curved reference lines, but they have only planes that may be used for 
hosting at each end. There are no references along the curved line, as shown in Figure 14.13. 


FIGURE 14.13 
Straight and curved 
reference lines 
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As an example, reference lines can be established in a family with length and angular dimension 
parameters to control path geometry for sweeps such as the iterations shown in Figure 14.14. 


FIGURE 14.14 
Sweep geometry 
using reference 
lines 
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Reference Points This type of datum object is available only in certain family templates, 
including Mass, Generic Model Adaptive, Generic Model-Pattern Based, and Curtain Panel- 
Pattern Based. Reference points have three planes that can be set to host sketch lines or 
geometry. You can also use a series of points to control a line or even a spline. Other objects, 
such as reference lines or other geometric surfaces, can also host reference points. You can 
select reference points from the Draw panel in the ribbon as shown in Figure 14.15. 
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FIGURE 14.15 
Reference points in 
the Draw panel 
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SETTING THE BEHAVIOR OF REFERENCE PLANES AND LINES 


When you place a new reference plane or line or select one already in your family, you will 
notice a property in the Properties palette called Is Reference. This setting is an important factor 
in how the family will behave when it is placed in a project. It affects how you can dimension or 
align to the family as follows: 


@ Not A Reference—The reference will be used only to control geometry in the Family 
Editor. 


@ Weak Reference—The reference can be accessed for measurement in the project 
environment only by pressing the Tab key on the keyboard. 


@ Strong Reference—The reference has the highest priority for dimensions and alignment. 
Temporary dimensions are displayed at the strong reference data. 


In the Family Editor, reference planes also have other available values for the Is Reference 
property including Top, Back, Bottom, Left, Right, and Front. These values are all strong 
references and are provided to help you better organize your family geometry. 

You will also notice that symbolic lines have a property called Reference with settings 
identical to those for the Is Reference property of reference planes and reference lines. We 
recommend that you treat symbolic lines with the same care as the datum objects. 

Use the strong and weak references sparingly throughout your family. The default setting 
for the Is Reference property is Weak Reference; therefore, there could be a large number of 
possibilities for measurement within every component in your project. For every strong or weak 
reference, Revit must analyze the reference when you are annotating or designing. 


SETTING THE INSERTION POINT 


Certification After you've chosen an appropriate family template, the rest is pretty flexible. If you make any 
Objective mistakes, you'll probably be able to recover most if not all of your work to correct the problem. 
But some considerations should come before others, which is why we believe that the insertion 
point is the next most critical criterion on your list for family creation. 
First, the insertion point determines the location about which the family will geometrically 
flex. But second (and often more important), the insertion point is the point of reference when 


Reference 
Plane 
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two family components are exchanged. This is critical if the “design” family that you've used as 
a placeholder is being swapped out for something more specific at a later date. If the insertion 
points are not established similarly between families, the location of the new family will not 
agree with the location of the old one. 

For example, most of the tables in the default Revit furniture library define the insertion 
point at the center of the geometry, as shown in Figure 14.16. If you place one table family 
in your project and then later decide to swap it for a different table family, there should be 
minimal disruption to the layout of other furniture in your design. The new family will appear 
in roughly the same spot as the originally placed family. Now what happens if you were to 
download a table family from a web-based content provider? Will that table also follow the 
same convention for the location of the insertion point? This concern illustrates the importance 
of following published guidelines or standards for content creation. 
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Keep in mind that changing the insertion point is easy. As you might expect, you don’t move 
the geometry to the insertion point. Rather, you simply select two reference planes and then 
make sure the Defines Origin parameter is selected in the Properties palette. Continuing with 
this chapter’s exercise using the Furniture.rft orMetric Furniture.rft template, the two 
reference planes provided already are assigned the Defines Origin property. You will now start 
to build a geometric framework around these reference planes. 

Let’s place some reference planes in the new family to officially begin the chapter exercise. 


1. Activate the Ref. Level floor plan in the Project Browser. From the Create tab in the 
ribbon, click the Reference Plane command and sketch four new reference planes around 
the two existing reference planes, as shown in Figure 14.17. 


The exact placement of the new planes doesn’t matter for now. 
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FIGURE 14.17 l 
Adding new reference 
planes to the exercise 
family | 


2. Select the reference plane you added to the left of the center plane, and in the Properties 
palette set its Name parameter to Left. 


Assigning a name to a reference plane will allow you to use it later as a work plane for 
creating solid forms. 


3. Select the reference plane you added to the right and set its Name parameter to Right. 
Select the one near the top of the view and name it Back, and then select the one near the 
bottom of the view and name it Front. 


4. Activate the Front elevation view and add another reference plane above and parallel to 
the Ref. Level. Again, the exact placement doesn’t matter for now—just make sure it is 
parallel to the level. In the Properties palette, set the Name parameter for this reference 
plane to Top. 


The Is Reference property for these new reference planes will be set to the default value of 
Weak Reference. That is acceptable because these will be the major geometrical references of 
the table family. As an option, you can set the four reference planes in the plan view to Strong 
Reference and observe later how they behave in the project environment. 


Using Dimensions to Control Geometric Parameters 


Dimensions are useful for controlling the geometric parameters of your families; however, we 
recommend they be placed directly on reference planes and lines and not within the sketches 
of solid or void forms. When you start to construct a component family, you should first lay out 
any reference planes or lines and then add dimensions to the references—all before you create 
any solid geometry. 

As you complete the exercise steps in this section, you will be creating the framework for 
solid geometry that you will build in subsequent sections of this chapter. 


1. With the Front elevation view still active, start the Aligned Dimension command. 
You can access this command in the Measure panel of the Create tab in the ribbon, in 
the Annotate tab, or by pressing DI to activate the default keyboard shortcut. Place a 
dimension from the Ref. Level to the reference plane you previously created. 
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This process will consist of three mouse clicks: one on the Ref. Level datum object, one on 
the reference plane above, and a final click in open space to place the dimension string. 


2. Press the Esc key or click Modify in the ribbon to exit the Dimension command, and 
then select the dimension you just placed. To make this dimension parametric, locate the 
Label drop-down list in the Options bar and choose <Add Parameter...>. The Parameter 
Properties dialog box will appear, as shown in Figure 14.18. In the Name field type 
Height, and make sure the Type radio button is selected. 


FIGURE 14.18 
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3. Click OK to continue. The dimension will now display with the prefix Height =. 


The exact height doesn’t matter because you can control it later on through parameter 
manipulation. 


4. Activate the Ref. Level floor plan. You now need to ensure that the four new reference 
planes are equally placed around the two planes that define the family origin. After the 
equality constraints are established, you will place dimensions to control the overall 
length and width of the shape. The order of this procedure—equality, then overall 
dimension—should be followed to establish the correct relationship with a center-based 
origin. 
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5. Place an aligned dimension between the three vertical reference planes, and then click 
the EQ symbol near the dimension string. Repeat this process for the horizontal reference 
planes so that the result looks like Figure 14.19. 


FIGURE 14.19 l 
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6. Next, you will add the dimensions that will actually control the overall size of the shape 
in plan. Place an aligned dimension between the outer two vertical reference planes, and 
then place a dimension between the outer two horizontal reference planes. 


7. Exit the Dimension command and select the horizontal dimension string. From the Label 
drop-down list in the Options bar, select <Add Parameter...>. Name the new parameter 
Length, and then click OK. Repeat this process for the vertical dimension string, and 
name the parameter Width. 


The result should look similar to Figure 14.20. 
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SHOULD EVERYTHING BE PARAMETRIC? 


When you start assigning dimensions to datum objects in your families, take a moment to think 
about whether you will need to modify those dimensions to create iterations of the component. 
Creating too many unnecessary labeled dimensions can make a family more complex, thus poten- 
tially degrading performance of your project files. If the dimension is a fixed dimension that will 
not change between types, then either use an unlabeled dimension or don’t dimension it at all. For 
example, in our table-building exercise, the height might be fixed at 2'-6" (750 mm); therefore, the 
Height parameter would not be needed. 


MODIFYING PARAMETRIC DIMENSIONS 


Now that you have established some dimensions and assigned them to family parameters, 

it is time to “flex” the geometry—a term that has become popular with Revit users since 

the early adoption years of the software. You flex your references by applying varying 
dimension values to confirm that no errors are generated and that the references are 
behaving the way you intended. Doing this early and often in the family-building process 
reduces the chance of encountering a problem that you can’t solve later on. When you have 
more forms and more complex parametric relationships, it becomes more difficult to unravel 
problematic geometry. 

There are two ways you can modify the parametric dimensions, thus flexing your family 
geometry. First, you can simply select a labeled dimension in the drawing area and enter a new 
value. The second way is different than in the project environment, where you must first select 
one of the objects a dimension references before editing the value. Although this method seems 
to be the easiest and most intuitive, you must be careful after you have established defined types 
within the family because direct manipulation of labeled dimensions will change the value of 
the most recent active type. For this reason, we recommend that you become accustomed to 
using the Family Types dialog box to flex your families. 

You can create a new reference plane and dimension from the Create panel in the ribbon and 
then click the Family Types command. Move the dialog box off to the side so you can still see 
the drawing area and observe the reference planes and dimensions. In the Family Types dialog 
box, click the New button and create anew type named Type 1. Set the dimension parameters 
as follows, and then click Apply: 


Width = 2'-6" (750 mm) 
Length = 6'-0" (1800 mm) 
Height = 2'-6" (750 mm) 


Click the New button again and create a new type named Type 2. Set the dimension 
parameters as follows, and then click Apply: 


Width = 3'-0" (900 mm) 
Length = 8'-0" (2400 mm) 
Height = 2'-6" (750 mm) 
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Certification 
Objective 


If the reference planes and dimensions were created properly, you should not receive any 
error messages while you are flexing the parameters. In case you do receive any errors, you 
could delete the dimensions and even the reference planes and start over. If this were to happen 
later in the process, it would be more difficult to resolve the problem, and many more hours 
would be lost if you had to start over. 


TYPE NAMING 


In the previous exercise, you created two types within the family simply named Type 1 and Type 2. 
You might have also noticed that other families in the default libraries have type names that indicate 
some sort of size information. For example, the door family Single-Flush has types named according 
to the respective length and width such as 36" x 84". The problem here is that the type name is not 
automatically linked to any parameters in the family; therefore, if a parameter value is modified 
and the type is not renamed, the situation can become confusing to users working in your project. 


There is no single, correct answer to the type-naming conundrum. You can use specific type names 
(36" x 84") to help the users of your content decide which type to select, or you can choose generic 
names (Type 1) to avoid conflicts. One possible conflict could arise if you use the type name of a 
family in a schedule. For example, if you generated a door schedule that used the type name instead 
of the actual width and height parameters, there might be inconsistency with the actual dimensions 
versus those in the user-defined name. 


A relatively safe methodology is to use more detailed type-naming conventions such as Material - 
Nominal Size to help content users better understand the available choices. An example for a door 
family might be Wood - 36 x 84. And then, as a standard practice, do not use the type name in any 
schedules for production documentation. 


Reviewing the Differences Between Type and Instance Parameters 


In the previous exercise, you created a few dimension-based parameters that were set to be type 
parameters. Let’s review the difference between a type parameter and an instance parameter— 
keeping in mind that they can be switched at just about any time. 

The key difference between the two is that modifying a type parameter always modifies 
all instances of the type. Think of a type as a set of identical elements. Change one item in the 
set, and all the other items of that type in the model change to match. Door sizes are a good 
example of this. Doors come in standard sizes: 32", 34", 36" (800 mm, 850 mm, 900 mm). On the 
other hand, an instance parameter modifies only the instances that you have selected. A good 
use of an instance parameter would be the fire rating on a door. Not every 36" 900 mm) door 
will be fire rated, so you'll need to individually identify which ones are. Figure 14.21 shows the 
parameters of a default curtain wall door family. 

In Figure 14.21, the parameters that have the notation (Default) are instance parameters. 
There are other parameters that can be used to report dynamic values from within the family. 
These are shown with the (Report) notation. In the example of a standard door, dimensions 
such as Width, Height, and Thickness would be best established as type parameters because 
you wouldn't want users to create random or arbitrary values. Also be aware that once a 
parameter is created, only some aspects of the parameter can be modified. You cannot change 
the Discipline or Type Of Parameter value after the parameter has been created. 
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SORTING PARAMETERS 


Complex families can have many parameters that control geometry, information, materials, and 
so on. To make it easier for your team to find parameters efficiently, you can sort them in any way 
that you deem appropriate for use. When the Family Types dialog box is open in the Family Editor, 
use the Move Up and Move Down buttons to organize your parameters. When the family is loaded 


into a project, this sorting order will be seen in the Properties palette and in the Type Properties 
dialog box. 


On the other hand, each new option can create a lot of new types. By default, loading a family 
into your project will also load all the types. If you want to create the potential for many types 
but be selective about which types are loaded, you can use a type catalog to load only specific 


types. 


USING TYPE CATALOGS 


If you are creating a family that will have many different type iterations, you can consider using 
a type catalog instead of creating each iteration within the Family Editor. A type catalog is a text 
file that contains all the iterations of the parameters specified within a family. When you load a 
family into a project that has an associated type catalog, such as steel framing families, you are 
presented with a dialog box within which you can select one or more types (Figure 14.22). You 
can select multiple types by pressing the Ctrl or Shift key. 
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If you ever need to load additional types from a family you’ve already loaded in your project, 
you don’t have to locate the original family file. Instead, locate the family in the Project Browser, 
right-click it, and then select Reload. 

To generate a type catalog, the easiest method is to first use the Export Types command from 
the Application menu. This process will export all available parameters and any types you have 
established in your family to an appropriately formatted syntax. Save the TXT file in the same 
location as the associated RFA file and with the same filename. For example, the type catalog 
associated with the W-wide Flange.rfa family file is named W-Wide Flange.txt. Using the 
exact same filename is critical to using a type catalog because that is how Revit will associate 
the two files. 

Open the TXT file with a text editor such as Notepad or Notepad++. Or you can open the file 
as a comma-delimited table in Microsoft Excel—as long as you save the file back to TXT format 
when you finish editing. 

The first row of the type catalog will be a header that establishes the purpose for each 
column in the table. The syntax for the header is as follows: 


Parameter Name##Parameterlype##ParameterUnits 


Valid entries for Parameter Type are listed in Table 14.1 with the proper method for declaring 
them in the type catalog header. For measurement parameters such as Length and Area, the 
units can be adapted accordingly. Where the parameter declaration is listed as ParameterName, 
you will substitute a user-defined parameter name. Otherwise, the parameter name is built into 
the family and cannot be changed. 

For Yes/No parameters in type catalogs, the value is defined as 1 = Yes and 0 = No. For the 
<Family Type> parameter, enter the complete name of the family with the type designation as 
Family Name:Type Name (without the file extension). 

The first column in the table is where you will list the types within the family. In the 
first row of the table, the first value is blank—that is, the first row will begin with a comma 
delimiter when it is saved as a TXT file. After the header row is filled with parameter 
declarations and a list of type names is entered in the first column, you can start populating 
the values in the rest of the catalog. A sample of a type catalog opened in Excel is shown in 
Figure 14.23. 


TABLE 14.1 
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Types of parameters supported in a type catalog 


TYPE OF PARAMETER 


Angle 

Area 
Assembly Code 
Cost 
Currency 
Description 
Integer 
Keynote 
Length 
Manufacturer 
Material 
Model 
Number 

Slope 

Text 

URL 

Volume 
Yes/No 


<Family Type> 


FIGURE 14.23 

The type catalog for 
the W-Wide Flange 
family 


PARAMETER DECLARATION 
ParameterName##ANGLE##DEGREES 
ParameterName##AREA##SQUARE_FEET 
Assembly Code##OTHER## 
Cost##CURRENCY## 
ParameterName##CURRENCY## 
Description##OTHER## 
ParameterName##OTHER## 
Keynote##OTHER## 
ParameterName##LENGTH##FEET 
Manufacturer##OTHER## 
ParameterName##OTHER## 
Model##OTHER## 
ParameterName##OTHER## 
ParameterName##SLOPE##SLOPE_DEGREES 
ParameterName##OTHER## 
URL##OTHER## 
ParameterName##VOLUME##CUBIC_FEET 
ParameterName##OTHER## 


ParameterName##OTHER## 





WiaaX335 
Weld 250 
Wehbe 
Wax 230 
WH0K553 
W40x503 
Weaox431 


Witotherts 


335 
290 
262 
230 
593 
503 
431 


Ahtareattinches 


38.5 
85.4 
76.3 
67.7 
174 
148 
127 


d##length##inches bffelength##inches  twflength finches 


dl 15.5 1.03 
43.6 15.8 0.665 
43.3 15.8 0.785 
42.9 15.8 0.71 

43 16.7 1.79 
42.1 16.4 1.54 


41.3 16.2 1.34 
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Organizing Solids and Lines in a Family Editor 


When you get beyond the basic geometric controls in families that are dictated by datum objects 


and dimensions, there are three other ways you can organize the solids and symbolic lines you 
create in a family: 


@ Object styles and subcategories 
@ Visibility settings 
@ Materials 


Each of these three methods of control is directly related to the 3D and 2D content you 
generate. In other words, you must apply these settings directly to the solids and lines ina 
family. We will first review each method, and then you will learn about family-modeling 
techniques in the next section. 


USING OBJECT STYLES AND SUBCATEGORIES 


Let’s get back to the exercise file and discuss object styles and subcategories. As mentioned 
earlier in this chapter, Revit has predefined a number of family categories. These categories 
define how elements display, schedule, export, and so on. Even though these main object 
categories can’t be modified, you can create subcategories for model, annotation, and imported 
objects. 

Although you can use subcategories to control the visibility of some part of the family, keep 
in mind that the detail level and visibility settings already manage visibility. The subcategories 
are most important when you're exporting your project because each category and subcategory 
is permitted its own CAD layer or IFC classification (Figure 14.24). 


a 
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So if your project is being exported to CAD in such a way that you'll need to associate objects 
with granular layer settings, creating and assigning subcategories to elements is necessary. 
Although it’s best not to rely on subcategories to manage visibility, we will show you how to 
create a new subcategory in the exercise file and then assign geometry to it. 

In your exercise file, switch to the Manage tab and choose Object Styles. In the Object Styles 
dialog box, click the New button and create a new subcategory named Tables, as shown in 
Figure 14.25. Click OK to close both dialog boxes. 
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FIGURE 14.25 
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Remember that, unless you specifically need to isolate tables from other types of furniture 
in your project, you shouldn't create too many subcategories because doing so creates an 
opportunity for inconsistency. What if someone else on your team created a different table 
family and added a subcategory called Table? When both families are loaded into a project, you 
will have two subcategories: Tables and Table. 

Subcategories must be assigned to solid geometry or symbolic lines in the family in order 
to be utilized in the project environment. We will discuss this in the “Understand Family 
Modeling Techniques” section later in this chapter. 


ASSIGNING VISIBILITY SETTINGS 


The time it takes for Revit to generate or regenerate a view depends on how much stuff in the 
view needs to be displayed. When you're building smaller parts of a larger component (or if 
the elements are not visible in certain orientations), you should assign those elements to reveal 
themselves only at a certain level of detail (or in certain views). Doing so prevents the software 
from managing more information than necessary and helps you keep your views uncluttered. 

The Revit Model Content Style Guide published by Autodesk lists guidelines for assigning 
geometry to the three detail levels available in project views (Table 14.2). 

To practice using these visibility settings, download and open the file cl14 Desk Project 
.rvt from this book’s web page. The sample project contains the default Desk.rfa family that 
is loaded in the Revit default project template. We have created a working sheet in which three 
3D views have been placed with different Detail Level properties. Notice that all of the drawer 
faces and hardware are displayed in every view, despite the Detail Level assignments. 
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TABLE 14.2 Guidelines for assigning detail level 
IF THE GEOMETRY IS: SET THE DETAIL LEVEL TO: 
Smaller than 1' (300 mm) Fine 
Between 1' and 3' (300-900 mm) Medium 
Larger than 3' (900 mm) Coarse 


Source: Revit Model Content Style Guide by Autodesk 


STARTING WITH EXISTING CONTENT 


Many of us have downloaded Revit families from a number of widely available online sources to 
get a first design pass at a piece of content. Autodesk Seek, Revit City, and the AUGI forums are all 
great places to start. But when you download a family component, take a moment to make sure 
that the detail level and orientation of detail are appropriate. 


Double-click any one of the viewports you see in the sample sheet view to activate a view. 
Select one of the desks, and then from the contextual tab in the ribbon, click Edit Family. You 
should be in a 3D view once the Desk.r fa family opens. If not, activate the default 3D view. 
Select the two sets of drawer handles; press the Ctrl key to select multiple items. From the 
contextual tab in the ribbon, choose Visibility Settings. In the Family Element Visibility Settings 
dialog box (Figure 14.26), uncheck the boxes for Coarse and Medium. Because these handles are 
smaller than 1' (300 mm), they should be seen only when a view’s Detail Level is set to Fine. Also 
uncheck the Left/Right option because viewing the handles from the side might not be that 
valuable in a section or interior elevation view. 


FIGURE 14.26 
Family Element eS some ite 
a Y , Family Bement Vesbility Sein: =k 
Visibility Settings for . : 
ka pedi Danay 
drawer handles Display in 30 views and: 
Flan 
Port usc 
Left/Right 
Deli Leves | 
Cira Medun J Fre | 


| O || Cancel Dewit | | hem 





Notice that the box for the Plan/RCP option is unchecked. This is appropriate for the desk 
because little more than the surface of the top of the desk needs to show up in the plan. The legs, 
the hardware, and even the faces of the drawers don’t need to show up in the plan. Click OK to 
close the dialog box. 

Next, select the drawer faces and then click the Visibility Settings tool. This geometry range 
is 1'— 3' (300-900 mm), so it should display at Medium and Fine detail levels. Also uncheck the 
Left/Right option (Figure 14.27), and then click OK to close the dialog box. 


Certification 
Objective 
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FIGURE 14.27 
Visibility settings for 
drawer fronts 





From any tab in the ribbon, choose Load Into Project and then select the c14 Desk 
Project.rvt file if you are prompted. Choose the option to overwrite the existing version, and 
return to the sample sheet view. You will now see that the appropriate geometry is displaying 
only at the most appropriate detail levels in each view (Figure 14.28). 


FIGURE 14.28 
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USING MATERIALS 


Materials are crucial to a family. But what are often more important are the Shading setting and 
the Transparency value of the material because they communicate much about the intent of your 
design in the early stages (Figure 14.29). 

In addition, material options are often not easily created in Revit. Yes, a family can have 
a material parameter. But expressing many different materials for visualization purposes is 
probably best left to the visualization specialist, who understands the subtleties of creating a 
compelling image, not just a rendering of a working model—and it’s unlikely they’ll be using 
Revit for this purpose. 

Beyond visualization, however, materials in Revit are used for a host of other things. Graphic 
representation in construction documents and material takeoffs are two examples. If the 
materials in your families are something you will need to schedule or view graphically, it’s a 
good idea to define them. 

Multiple materials can be assigned to a family. They are assigned based on model solids, so 
if you have multiple solids (sweeps, extrusions, and the like), each one can be given a unique 
material. 

You have two options to define a material within a family, both being handled in the 
solid’s object properties shown in the Properties palette. By default, the material is set to <By 
Category>. Select this option and you can change the material to any material shown in the 
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Material Browser dialog box, or you can load a new one from any material library. This is a 
great use for the family if you know the material is not going to change. If you know that your 
casework is not going to be anything but blonde maple, for example, go ahead and set the 
material within the family. Your other option is to use the tiny button [...] to the right of the 
Material field in the Properties palette to define a new parameter. In this case, you can call the 
material something like Casework Material. If you were to use this same parameter for all your 
casework families, once it’s placed in the model you can change that material via the Material 
Browser dialog box, and it will update all your casework families at once. 
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Modeling Techniques in the Family Editor 


Creating complex geometry isn’t always as easy as opening the Family Editor and starting to 
model the shape that you think you're trying to create. Sometimes you need to model one form in 
order to create another form. And sometimes you need to model a complex, parameterized form 
in order to parameterize the actual shape that you're trying to create. So that you understand these 
advanced techniques, we’ll first cover the available geometry types that can be created in Revit. 
There are five discrete geometry types in the Family Editor: Extrusion, Sweep, Blend, 
Revolve, and Swept Blend. Both solid and void forms can be modeled from these shapes. In this 
section you'll learn how to create all of these types, along with the Family Editor technique of 


nesting families. 
O @ Gk 


Extrusion Blend Revolve Sweep Swept Void | 
Blend Forms 





Forms 
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Which type you select is important, but our advice is to use the simplest form that will 
express what you're trying to model, keeping in mind how the geometry is likely to change. 


Creating an Extrusion 


Let’s get back to the furniture exercise where we are constructing a table. Activate the Ref. Level 
floor plan, and from the Create panel in the ribbon click Extrusion. The first action we will take 
is to specify a work plane to host the extrusion. If you don’t specify a work plane, the default 
plane will be the level associated with the current view. 


1. In the Work Plane panel in the contextual tab of the ribbon, click Set. In the Name drop- 
down list within the Work Plane dialog box, choose Reference Plane : Top, as shown in 
Figure 14.30. 


FIGURE 14.30 
Set a named reference 


plane as the work | Current Work Plane 
plane. He 
Level : Ref. Level 


Specify a new Work Plane 


\@) Name | Reference Plane : Top x | 
|) Pick a plane 
’-) Pick a line and use the work plane it was sketched in 


(ok) [cence ] [Hep] 





2. In the Options bar, set the Depth to —0'-2" (-50 mm). 


This will allow the top of the extrusion to be aligned with the Top reference plane, with 
its thickness extruding downward—away from the work plane. 


3. Inthe Properties palette, set Subcategory to Tables. For the Material parameter, click the 
small button to the right of the parameter value field. 


This button will allow you to associate a family parameter to the property instead of 
simply choosing one material to be assigned to the solid. 


4. Click the Add Parameter button and create a new parameter named Tabletop Material. 
Click OK to close both open dialog boxes, and then you will see that the Material field is 
now inactive and the small button now has an equal sign label. 


This means that the property is now being controlled by a family parameter. 
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5. 


In the Draw panel, choose the Rectangle tool, and then sketch a rectangle that snaps to 
the intersections of the outer reference planes (Left, Front, Right, and Back). Immediately 
after your second click to complete the sketch, you will see padlock icons at each of 

the four sides of the sketch. Click each one to establish an alignment constraint with 

the respective reference plane (Figure 14.31). If you click away and the constraint icons 
disappear, you will either have to delete and redraw the sketched lines, or you can use 
the Align tool to reestablish the constraint. 


Click Finish Edit Mode from the contextual tab in the ribbon, and you'll see the first solid 
piece of your exercise family. Activate a 3D view and open the Family Types dialog box. 
Switch between Type 1 and Type 2, and click Apply to verify that the extrusion flexes like 
the reference planes did previously in the chapter. 


FIGURE 14.31 
Set the constraints of 


the extrusion sketch 


to reference planes. 


10. 





Activate the Front elevation view, and add an aligned dimension from the Top reference 
plane to the bottom of the tabletop extrusion. 


Select the dimension, and from the Label drop-down list in the Options bar, choose <Add 
Parameter...>. Name the new parameter Tabletop Thickness, and then click OK. 


Open the Family Types dialog box again, and set the Name drop-down list to Type 2. In 
the Tabletop Material parameter, click the ellipsis button to launch the Material Browser. 


From the Material Browser, make sure the library panel is displayed by clicking the icon 
at the top of the document materials list. Search for “oak” at the top of the dialog box, 
and then select the material Wood (Oak) from the library panel. Click the up-arrow icon 
to load the material from the library into the family. In the Graphics tab of the Material 
Browser, check the box Use Render Appearance (Figure 14.32), and then click OK. 


Set the Tabletop Thickness value to 4" (100 mm) and then click Apply in the Family 
Types dialog box. Repeat steps 8, 9, and 10 for Type 1, but search for “glass” and load the 
material named Glass, Green. Set the Tabletop Thickness for Type 1 to 1" (25 mm), and 
then click OK to close the Family Types dialog box. 


FIGURE 14.32 
Adding a material 
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Let’s have a little fun and assign a void sweep to the edge of the tabletop. It will be unique 
because we only want the sweep to cut the tabletop when Type 2 is selected—it will not cut the 


top for Type 1. 


A sweep is a 2D profile that follows a path. The magic behind sweeps in the Family Editor 
is that a sweep path can be set to automatically follow other model geometry. A great example 
is the continuous tubular structure of the chair shown in Figure 14.33. As you can see in the 
sequence of images, a simpler solid form is generated and then converted to a non-cutting void, 
a path is generated along the edges of the void geometry, and a tube profile is applied to the 
path. To explore how this family was made, download the file c14 Tube Chairs.rvt from 


this book’s web page. 


FIGURE 14.33 

Solid geometry, 
converted toa 
noncutting void used 
to drive a complex 
sweep path 








(b) 
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In this part of the chapter exercise, you will create a void sweep along the outer edge of the 
tabletop using the Pick Path tool. You will then assign a parameter to drive the void into or away 
from the solid extrusion, depending on which type is specified. 


1. Activate the default 3D view and set the graphic style in the view control bar to Shaded. 
Open the Family Types dialog box, select Type 2 in the Name drop-down list, and then 
click OK. 


2. From the Create tab, choose Void Forms > Void Sweep. From the contextual tab in the 
ribbon, click Pick Path. In the 3D view, pick each of the four upper edges of the tabletop 


solid (Figure 14.34). 
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3. Click Finish Edit Mode (the green check mark) in the contextual tab of the ribbon to 
complete the Pick Path command. 


4. In the Sweep panel of the contextual tab, set the Profile drop-down list to c14 Table Void 
Profile. 


This is a profile family we created and preloaded in the exercise file. You can also 
download it with the rest of this chapter’s exercise files for further exploration. 


Ga Profile: 
c14 Table Void Profile v 


Select a i 
Profile PA Load Profile 





5. Zoom into the area where the profile is applied to the path, and make sure the curved 
part of the profile is facing toward the tabletop solid (Figure 14.35). If it isn’t, click the Flip 
button in the Options bar. 


6. Click Finish Edit Mode in the contextual tab in the ribbon, and the void will 
automatically cut the tabletop solid. 
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FIGURE 14.35 
Adjust the sweep 


profile to face the 
solid. 





When you create a void in the Family Editor, it will automatically cut any existing solids. If 
you don’t want a void to automatically cut other geometry, you can create the elements as solids 
first. When you are satisfied with the forms, select the appropriate solids and change them to 
voids in the Properties palette. Note that once a solid or a void is being cut by another object, 
you cannot change the solid/void property. You must use the Uncut Geometry tool first. 

Because you used the Pick Path method to define the sweep path, the sweep will automatically 
update as the shape of the tabletop changes. This exercise is a simple example of a powerful tool 
with a plethora of applications. 

Now that you have created a void that cuts the solid geometry of the wood tabletop type, 
you need to adjust it so that the profile does not cut the solid when the glass tabletop type is 
specified. Unfortunately, you can’t simply turn the void sweep on and off, but you can adjust its 
horizontal offset so it cuts like a virtual sliding saw. 


1. Inthe 3D view, select the void sweep. In the Properties palette, you will see the 
parameters that drive the profile within the sweep. Click the Associate Family Parameter 
button next to the Horizontal Profile Offset value. 


2. Click the Add Parameter button. Create a new parameter named Trigger Cut, and then 
click OK to close both dialog boxes. 


ADDING TOOLTIPS 


There have probably been times when you have pulled a family out of your library or a previous proj- 
ect to add to your model and you can’t remember what the parameters actually control. Parameters 
like Height or Length are pretty easy, but will you remember what the Trigger Cut does? 


In the Family Editor you can add tooltips to your parameters. You can add up to 250 characters 
to describe your parameter and add some additional notes to how it is intended to be used. In the 
Parameters Properties dialog box you'll see the Edit Tooltip button. 


(continues) 
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(continued) 


Name: 
tigger cut © Type 


+ 
È 


‘Common | © Instance 


Type of Parameter: |__| Reporting Parameter 
a" | (Can be used to extract value 
oo > O OO froma geometric condition and 
Group parameter under: report it in 4 fórmula or as = 

: z schedulable parameter) 


Tooltip Description: 
Triggers the cut of the solid geometry by the void 





Clicking this button will allow you to add a message or description to your parameter to help 
explain its functionality. 





Hovering your mouse over the parameter in the Parameter Properties dialog box will show the 
tooltip you've created. 









Tabletop Thicl trigger cut 
Nested Leg Ha T 
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3. Open the Family Types dialog box, and for Type 2, set the Trigger Cut value to 0'-0" and 
then click Apply. 


4. Switch to Type 1 and set the Trigger Cut value to —0'-4" (-100 mm), and then click OK to 
close the dialog box. Figure 14.36 shows the difference between the two types just defined. 


FIGURE 14.36 

Void sweep cutting 
Type 2 (wood); not 
cutting Type 1 (glass) 





(a) 





(b) 


You'll see that adding the negative value to the Horizontal Profile Offset allows you to control 
whether the void cuts the solid tabletop. We simply assigned the offset value to each family 
type, but you could explore methods of using formulas with logic such as this: 


If Tabletop Thickness < 4" then Trigger Cut = —4" else Trigger Cut = 0” 


The actual syntax of this formula to be applied in the Family Types dialog box would be: 
if(Tabletop Thickness < 0' 4", -O' 4", @'). 


Creating a Revolve 
Let’s move on to the process of creating the legs for the table. You'll use the Revolve tool to 
create this shape; however, you will create the shape only once in a separate family that will be 
loaded into the table family and placed multiple times. 

We have created a preloaded family for the purpose of this segment of the exercise. 
Download and open the file c14 Table Leg.rfa from this book’s web page. You'll create a 
revolve form, assign height and material parameters, and then load it into the table family. 


1. Inthec14 Table Leg file, activate the Front elevation view. You will see that we have 
sketched a 2D profile consisting of invisible lines. 


These will not display when the leg family is loaded into the table family. 


2. From the Create tab in the ribbon, click Revolve. From the Draw panel in the contextual 
tab, make sure the Pick Lines tool is selected. Hover the mouse pointer over one of the 
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FIGURE 14.37 
A simple blend of a 
square and circle 
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provided profile lines and press the Tab key once, and then click to select all the lines of 
the profile. 


Don’t worry about constraining any of the sketch lines, because this shape won't be 
dependent on adjacent geometry. 


3. Click the Axis Line tool in the contextual tab, select the Pick Lines mode, and then click 
the vertical reference plane in the drawing area. 


4. Click the Finish Edit Mode icon in the contextual tab to complete the Revolve command. 


5. Add an aligned dimension between the Ref. Level and the reference plane above the revolve. 
Select the dimension, and in the Options bar choose <Add Parameter...> from the Label 
drop-down list. Name the new parameter Leg Height, and make sure it is a type parameter. 


6. Select the solid revolve, and in the Properties palette click the Associate Family Parameter 
button for the Material property. Create a new parameter named Leg Material, and click 
OK to close the open dialog boxes. 


Before you save the leg family and load it into the table family, you should consider whether 
the nested family needs to be scheduled—in the case of a table leg, probably not. However, you 
will load some chairs into the table family later and those will surely need to be scheduled. 

Switch to the Create tab, and from the Properties panel click the Family Category And 
Parameters button. In that dialog box, you will see a list of Family Parameters that contains a 
parameter called Shared. When this box is checked, the nested family can be scheduled. For 
example, if you checked the box for the table leg family, loaded it into the table family, loaded 
the table family into a project, and then placed several instances of the table, you could create a 
schedule to count the total number of table legs in the project. 


Creating a Blend and Swept Blend 

When you create a blend, you are essentially combining two different shapes. Say you have a 
circle and want to transition it to a square. Creating that geometry by using an extrusion and 
voids would be complicated, but creating it with a blend is simple (see Figure 14.37). 
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The only difference between a blend and a swept blend is that a blend is defined along a 
straight line starting on a work plane. A swept blend is along a user-defined path. Figure 14.38 
demonstrates a swept blend between a circle and a square along a user-defined path. 


FIGURE 14.38 
A swept blend 





Both types of blends can incorporate a variety of shapes and profiles. Using the context of 
furniture that we’ve established, you'll create a swept blend. You're going to create a wooden 
stool. 


1. To begin, open the default furniture family. You're going to create a three-sided stool 
starting with the legs. When you open the default furniture family, you'll be in the Ref. 
Plane view. In this view, choose the Swept Blend tool from the Create tab. 


The Swept Blend tool has its own contextual menu, shown in Figure 14.39. You will create 
a path for the sweep and the starting and ending shapes. As you can see, the software 
first wants you to define a path. 





FIGURE 14.39 
The Swept Blend X G Sketch Path Profile: 


contextual menu 
( R Pick Path 


Mode | Swept Blend 


2. Choose the Front elevation view to start the path, and pick the Sketch Path button from 
the Swept Blend panel. Using the Line tool (which is selected by default), start a line from 
10" (250 mm) to the left of the base and continue until it intersects with the vertical plane 
at a 73° angle. You'll have a measurement roughly 2'-10" (865 mm) across the hypotenuse 
of the triangle (Figure 14.40). Click the green check mark to accept the sweep. 


Now you need to make the base of your leg. 
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FIGURE 14.40 
Creating the leg sweep 








3. Open the Ref. View and you'll see two red dots and a line connecting them. The dot on 
the left is the base of the leg, the dot on the right is the top of the leg, and the line between 
is the path you just created. Starting with the base, choose the Select Profile 1 button and 
then the Edit Profile button (Figure 14.41). 


FIGURE 14.41 
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4. Using the left red dot as a center point, create a circle 1" (25 mm) in diameter. Click the 
green check mark, then the Finish Edit Mode button, to complete the shape. 


Next, you need to create the top of the leg. 
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5. Select the Select Profile 2 button and then Edit Profile from the Swept Blend panel. Using 
the Y-reference plane as the right side of the box, create a rectangle centered on the X-axis 
1" x 3" (25 mm x 75 mm). Click Finish Edit Mode when you've finished. The two shapes 


will look like Figure 14.42. 


FIGURE 14.42 ) 
Finishing the two , 0’. 3" 
shapes of the blend , i A 


6. With those two profiles and a path complete, click Finish Edit Mode again to complete the 
sweep. You now have one leg of your stool. 


7. To finish the base, select the leg and choose the Array tool. In the Options bar, set these 
options: 

Choose a radial array. 

Leave the Number of arrayed items at 3. 

Change the Angle to 360. 


Change the rotation center to the middle of the X-Y reference planes. 


©% ©% >% >% 


Click OK to finish the array. 
You should now have a set of stool legs (Figure 14.43). 
FIGURE 14.43 


The completed stool 
legs 





(b) 
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8. From this point, use the techniques explained earlier in the chapter to add a round stool 
seat and a bar near the base for your feet. 


Our finished stool is shown in Figure 14.44. There are a few ways to create the seat and 


bar—it can be with a swept blend, an extrusion, or even a revolve. 


FIGURE 14.44 
The completed stool 





The finished family can be found on the book’s web page. The file is called c14- 
WoodenStool.rfa. 

Before we continue with the table-modeling exercise, let’s take a moment to discuss the 
importance of nested families in comparison to modeling repetitive geometry all within one 
family. Families are used to create individual components. By combining those components, 
you can use a nested family to add parameters to better define the relationships between those 
components and best leverage the families within your project. 


Nesting Families 


Geometry from one family can be loaded into another family. This process is called nesting, 
and it allows you to create a single element that will be used many times in another family. 
This method is much more efficient than creating an element and then grouping and copying it 
around the same family. Let’s review some benefits of using nested families. 

When one family is loaded into another, the nested family behaves as a single, unified 
component. This means that it will be much easier to change and control the instance 
placements of a nested family. Even though the nested family may seem like a static component, 
references and parameters in nested families can be driven by controls in the host family. 

A nested family can also be controlled by a Family Type parameter, which will allow you 
to select from multiple nested families as another parameter in the host family. This feature is 
incredibly powerful for creating design iteration within families that are in your projects. You 
will see this functionality later in this chapter when you load two different chair families into 
the table family and use a Family Type parameter to select between them. 
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As a final note about nested families, you should always be aware of the insertion point 
defined in the families you load into other families. As we mentioned previously in this chapter, 
a consistent insertion point will ensure that a nested family doesn’t “flip-flop” in unintended 
directions when you switch between family types. 

Let’s get back to the exercise for which you should still be working in the c14 Table Leg 
family file: 


1. Save the leg family and then click the Load Into Project button in the ribbon. The table 
family should still be open and the leg will be loaded (nested) into it. You will now place 
multiple instances of the leg family, associate the parameters, and adjust the visibility for 
control of an optional leg instance. 


2. Switch to the c14 Table file, and activate the Ref. Level floor plan. From the Create 
tab, click the Component tool, and the c14. Table Leg family should be the active 
component in the Type Selector. Look in the Properties palette at the Host property, and 
make sure that it is Level: Ref. Level. Place four instances of the leg near the corners of the 
table and one exactly at the crossing of the center reference planes. 


3. Add dimensions for each of the four corner legs, and adjust the legs as necessary so that 
they are offset exactly 6" (150 mm) from each edge reference plane (Figure 14.45). Lock 
these dimensions to preserve the offset. 


FIGURE 14.45 


Leg families Length = 8' - 0" 





are placed and 
dimensioned in a plan 
view. 


4. Select the middle leg, and in the Properties palette click the Associate Family Parameter 
button for the Visible property. Click the Add Parameter button, and name the new 
parameter Middle Leg. This will be a Yes/No parameter that can be controlled with a 
logic formula that will be driven by the length of the table. 


5. Open the Family Types dialog box, and in the Formula field for the Middle Leg parameter 
type the following: Length > 7' (for metric, type Length > 2000 mm). 


This simple formula will make the middle leg visible when the Length parameter exceeds 
7' (2,000 mm) and invisible when it doesn't. 
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10. 


FIGURE 14.46 
The two family types 
placed in a project 


Switch to a 3D view, and now you'll need to assign dimensional parameters to drive the 
leg heights in relation to the table. 


You can do this a few different ways, but when you're dealing with multiple instances 
of an object, we recommend you feed a value into a nested type parameter rather than 
aligning and locking each instance to reference planes within the host family. 


Select one of the legs, and then click the Edit Type button in the Properties palette. In the 
Type Properties dialog box, click the Assign Family Parameter (AFP) button for the Leg 
Height parameter. Add a new parameter named Nested Leg Height. 


Click the AFP button for the Leg Material parameter, and add a new parameter named 
Nested Leg Material. Click OK to close the Type Properties dialog box. 


You must associate the parameters in nested families with parameters in the host 
family—even if it is simply to allow materials to be assigned to the nested elements. 


Open the Family Types dialog box. In the Formula field for the Nested Leg Height 
parameter, type the following: Height - Tabletop Thickness. 


Make sure that the parameters are spelled exactly because they are case sensitive. This 
formula will use the overall height of the table minus the thickness of the tabletop to 
drive the height of the nested legs. 


Switch between Type 1 and Type 2 to verify the behavior of the legs. Even though the 
middle leg is still visible in the Family Editor, it will be invisible when the family is 
loaded into the project environment. 


Save the table family and load it into the c14 Desk Project file, referenced previously 
in this chapter. Place some instances of each type and observe the differences in size and 
number of legs (Figure 14.46). 
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11. Select one of the Type 1 instances of the c14 Table family, and then click Edit Type from 
the Properties palette. Locate the Nested Leg Material parameter and launch the Material 
Browser. 


12. Search for “white,” and load the material named Metal, Paint Finish, White, and 
Matte from the library into the project. In the Graphics tab, check the box Use Render 
Appearance, and then click OK in the Material Browser to assign it to the Nested Leg 
Material. Click OK to close the Type Properties dialog box. 


13. Select one of the Type 2 instances and assign the Wood (Oak) material to the Nested Leg 
Material parameter. 





Troubleshooting Techniques 


Now that you have created a basic component and explored some of the fundamental modeling 
techniques, let’s look at some additional methods and troubleshooting you might experience 
working on a real project. 


Doing a Visibility Check 

In the c14 Desk Project.rvt file, open the Visibility/Graphic Overrides dialog box and 
expand the Furniture category. Uncheck the box for the Tables subcategory, and then click OK 
to close the dialog box. You'll notice that only the tabletops have been turned off in the drawing 
area, as shown in Figure 14.47. 
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FIGURE 14.47 
Visibility settings 
appliedtoa 
subcategory 





Open the Visibility/Graphic Overrides dialog box again and uncheck the box for the 
Furniture category. Click OK, and you will see that the desks and even the table legs have been 
turned off in the view. Even though the nested table leg family was created with the Generic 
Model family template, it will behave according to the main category of the host family; 
however, this does not apply to subcategories. Let’s go through the process to fix the problem: 


1. Go back to the cl4 Table Leg family, and from the Create tab, click the Family Category 
I | And Parameters tool. Change the Family Category to Furniture, and then click OK. 


The family category must be changed to Furniture to avoid confusion with object style 
subcategories. If you create a subcategory under Generic Models named Tables and then 
reload the nested leg family in the table, there will be two separate subcategories named 
Tables. 


2. Switch to the Manage tab, and then choose Object Styles. In the Object Styles dialog box, 
click the New button and name the new subcategory Tables. 


Remember to use careful planning when naming subcategories within your custom 
families. As mentioned earlier in this chapter, inconsistency with subcategories can lead 
to problems with view templates, graphics, exporting, and printing. 


3. In the drawing area, select the solid revolve, and in the Properties palette, set the 
Subcategory parameter to Tables. 


4. Save the family, and then click the Load Into Project command in the ribbon. First, 
reload the leg family into the table family, and then reload the table family into the 
c14 Desk Project.rvt file. When prompted, choose the option to overwrite the 
existing family. 
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You will now notice inc14 Desk Project.rvt that the table legs are turned off along with 
the other elements of the tables. 

When you are editing a nested family, you could reload the family directly into the project 
without reloading it into the host family. We recommend working your way back through 
each family so that the original host family RPA file is maintained in your project content 
library. 


Applying Parametric Arrays and Family Type Parameters 


For the final exercise, you will work with additional nested families, but you will now learn 
how to apply a Family Type parameter and use parametric arrays. The steps in the following 
exercises must be carefully applied in the correct order or the flexibility in the family may be 
disrupted. More complex families are prone to errors if you build them quickly and without 
care, so take your time and review each step along the way. 

You will begin by loading two different chair families into the c14 Table.rfa family. 
Download the files Chair-Dining-1.rfa and Chair-Dining-2.rfa from this book’s web 
page. These modified families were originally downloaded from the RevitCity.com website. 


1. Inthe c14 Table.rfa file, activate the Ref. Level floor plan. From the Create tab in the 
ribbon, click the Component tool. If you haven't already loaded the two chair families, 
click the Load Family command in the ribbon. 


2. From the Type Selector, choose the Chair-Dining-1 family and place one chair along the 
upper edge of the table. 


Remember to press the spacebar to rotate the chair as needed before you place it. 


3. Exit the Component command and select the chair you placed in the previous step. In 
the Options bar, choose <Add Parameter...> from the Label drop-down list. Create a new 
parameter named Chair Type. Note that the parameter type is <Family Type>. 


This kind of parameter will let you apply different families that are nested in the host family. 


Also, it is important that all nested families with which you intend to use a family 
type parameter must be of the same category. For example, one of the chairs originally 
downloaded from the RevitCity.com website was assigned to the Furniture Systems 
category, whereas the other was in the Furniture category. Therefore, the two nested 
families could not be assigned to the same family type parameter. 


4. With the chair still selected, click the Edit Type button in the Properties palette. Click the 
AFP button for the Chair Material parameter. Create a new parameter named Nested 
Chair Material, and then click OK to close the open dialog boxes. 


5. From the Modify tab in the ribbon, click the Align tool. As shown in Figure 14.48, click 
the Back reference plane (1) and then the reference within the chair (2). Finally, click the 
padlock icon to establish a constraint (3). 


6. Add an aligned dimension from the Right reference plane to the center reference of the 
chair. Set the value to 1-8" (500 mm), and click the padlock to establish the dimension as a 
constraint. 
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FIGURE 14.48 
Using the Align tool 








7. Select the chair, and then from the Modify tab in the ribbon, click the Array tool. In the 
Options bar, choose the Group And Associate option and the Move To: End radio button. 


8. Click once near the chair and then click a second time 2'-8" (800 mm) to the left. Press the 
Enter key to accept the number of entities in the array. 


9. Use the Align tool to constrain the arrayed chair to the Back reference plane, add an 
aligned dimension, and then lock the dimension—similar to the previous steps. The plan 
view should look like the image in Figure 14.49. 


FIGURE 14.49 
Two nested chairs 
are established asa 
parametric array. 
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10. Select one of the arrayed chairs, and you will again see a line connecting the arrayed 
objects displaying the number 2. Click this line and then choose <Add Parameter. ..> 
from the Label drop-down list in the Options bar. Create a new parameter named Chair 
Array. Click OK to close any open dialog boxes. 


11. Open the Family Types dialog box. In the formula field for the Chair Array parameter, 
type (Length - 2’) / 2' (for metric, type (Length - 600) / 600). 


This will automatically increase or decrease the number of elements in the array based on 
the length of the table. 


12. Repeat steps 1-10 to place another parametric array along the Front reference plane. 
When you get to step 3, instead of choosing <Add Parameter...> from the Label drop- 
down list, you will simply choose the Chair Type parameter, and in step 10 you will 
choose the Chair Array parameter. 


Before you continue with the exercise, take a moment to open the Family Types dialog 
box and switch between Type 1 and Type 2. Verify that the chairs maintain alignment with 
the edges of the tabletop. When you select Type 2, there should be six chairs instead of four. 
Compare your results to the image shown in Figure 14.50. 


FIGURE 14.50 
The complete table 
family with nested 
chairs. 





With Type 2 still active in the Family Type dialog box, set the Chair Type parameter to 
Chair-Dining-2 and then click the Apply button. You should see all the nested chairs change to 
the alternate chair family. Save the family and reload it into the c14-Desk-Project.rvt file, 
and choose the option to reload the family and overwrite any parameter values. If the Tables 
subcategory is still turned off in the view, you may notice that the chairs appear but not the 
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tables. There is likely no realistic need to create another subcategory for chairs, so open the 
Visibility/Graphic Overrides dialog box and turn on the Tables subcategory. 

You can experiment with adjusting the values of the table family, including creating new 
types with variations in materials (Figure 14.51). 


FIGURE 14.51 
Adjust family 
properties to include 
variations of types, 
materials, and colors. 





The Bottom Line 


Get started with a family. Before you start to create your own family components, take a 
moment to think about how you expect that component to “behave” in your project. The role 
of the Family Editor isn’t just an environment to model geometry; it also determines how the 
content that you create will behave in the project environment. 


Master It Choosing the right template is critical. You can convert from one family 
template to another, but this is not always the case. Why would you want to choose a 
door template rather than a Generic Model template? 


Create the framework for a family component. Reference planes, points, and lines are the 

“bones” of your component. Assign parameters to the skeleton, and the geometry will follow 
along. Be sure to test the parameter and reference relationships before you start to create any 
solid model geometry. 


Master It Why should you build, assign parameters to, and test the references first? 
Why not just model the geometry? 


Understand family modeling techniques. Although the Family Editor contains a wide 
assortment of modeling and editing tools, you don’t always need to build everything in 
one file. You can use a number of techniques to reduce redundancy and manage complex 
geometry for a component family. 


Master It When would you consider using the technique of nesting families? How 
could this method improve the efficiency of a component family? 
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Apply extended family management techniques. Sometimes parametric behavior 
will depend on the parameters that directly control it, but often these parameters will be 
expressed as a relationship to something else. 


Master It Why are formulas so important? Why not just create the parameters you need 
and then modify them as needed in the project environment? 





Creating Stairs and Railings 


Creating stairs and railings in Autodesk® Revit® Architecture software can be challenging. In 
addition, stairs and railings are often sculptural as well as functional, and there’s a limit to the 
amount of customization you can design with the provided tools and commands. 


An entire book can be written about mastering stairs and railings in Revit, considering the 
breadth of functionality in these tools and the unlimited number of design configurations they 
can be used to create. Instead of walking through a few examples of creating stairs and railings, 
this chapter will give you foundational knowledge about the rules, parts, and key functionality 
of these tools so that you can use them in the most effective way possible for your own designs. 
We will also give you some ideas to tackle tougher design challenges by thinking beyond the 
default tools. 

In this chapter, you'll learn to: 


Understand the key components of stairs and railings 


+ 


Understand the different stair tools and apply them to custom designs 
@ Design railings and use the Railing tool for other model elements 


@ Implement best practices 


Designing Stairs and Railings 


Designing and iterating complex stairs and railings in any software application can be difficult. 
You will need to thoroughly understand the rules and constraints of the application—in effect, 
learn the language of the application. To communicate fluently in that language, you need to 

be able to think fluently. You almost have to be able to think beyond the individual words and 
begin to arrange whole ideas. 

Regardless of how well you know how to use a particular application, you have to 
incorporate imagination and complex design issues. Sometimes stairs and railings are 
straightforward and functional (for example, a steel or concrete egress stair), and there’s not 
much room for creative thinking. But in many cases, stairs and railings are conceived as 
feature elements within a space. They’ll be touched and experienced up close. They may be 
extraordinarily complex and spatial—almost an inhabited sculpture (Figure 15.1). 

Revit is purpose-built for designing building elements and relating them to the rules of 
commonly constructed relationships (doors associate with walls, furniture associates with 
floors, and so on). The software is biased toward relationships specific to designing a building 
and maintaining those relationships as the design changes. To make things a bit more 
complicated, there’s a specific language for creating stairs and railings in Revit Architecture. For 
example, Figure 15.2 illustrates the Edit Baluster Placement dialog box for a baluster condition. 
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FIGURE 15.1 
Detail of the feature 
stair in Apple’s Fifth 


Avenue retail store 
Source: Image courtesy of 
Dougal McKinley 





FIGURE 15.2 
Edit Baluster 
Placement dialog box 
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Before we begin detailed exercises for creating stairs and railings, let’s review the main 
components of each object type and how they are organized within Revit. 


Reviewing the Key Components of Stairs and Railings 


Stairs and railings are system families, so they exist only within the project environment. 

As you should already know, these types of families can be shared between projects only by 
copying and pasting, using the Transfer Project Standards tool, or including them in your 
project templates. There are several component family templates that serve as subsets of stair 
and railing system families, such as profiles, posts, and panels. 


Reviewing the Basic Rules of Stairs 


Before you start to create any stairs in a project, you should become familiar with the basic rules 
related to these special elements in Revit Architecture. We will discuss the actual geometric 
components later, but first let’s review the parameters that drive the geometry. When you launch 
the Stair tool, it is assumed that you want a stair to be generated between two levels. If you 

start the tool from a floor plan view, the base level will be the level associated with the floor 

plan view and the top will be the next level above. Keep in mind that this may be a level that is 
not the next major level above; it could be a minor level such as a mezzanine. Always check the 
instance parameters in the Properties palette when you are creating a new stair (Figure 15.3). 
You can also assign top- and base-level offsets in the instance parameters the same way you can 
for walls. 


FIGURE 15.3 
Instance parameters 





orada Assembled Stair = 


Custom Stair 






Stair v EB Edit Type 
Constraints A 
Base Level 
Base Offset 0’ 0" -i 
Top Level Level 2 
Top Offset o' 0" 
Desired Stair Height 110" 0" 


Multistory Top Level None 
Dimensions 

Desired Number of Ris... 18 

Actual Number of Risers |1 

Actual Riser Height QO’ 6 171/256" 

Actual Tread Depth 0" 11” 

Tread/Riser Start Num... 1 
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FIGURE 15.4 
The Stair Calculator 
dialog box Stair Calculator 
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Using the overall height determined by the base and top levels, the stair object will be 
equally divided into risers. The maximum riser height is defined in the type properties of 
every stair type. The overall height of the desired stair will be equally divided into risers 
not exceeding the defined maximum riser height. Tread depth is specified in the stair’s type 
properties as well, but that may be overridden if you manually lay out the treads in Sketch 
mode. 

In addition to the simple rule of overall riser height, some public agencies require a stair 
calculation to be employed for dimensional compliance. This type of calculation can be enabled 
from the stair’s type properties as well. With either of the stair commands activated, click the 
Edit Type button and then the Edit button in the Calculation Rules parameter. This will give you 
the Stair Calculator dialog box (Figure 15.4), which will allow you to enter the code-based values 
driving the creation of new stairs. 


Mise Stair Calculator for slope calculation 


Results are used for stair creation only. They will not modify existing stairs. 


Calculation Rule for target slope: 
2 = Rise + i 
Value Range for valid calculation result: 


Maximum Result for Stair Calculator = 
Actual Result of Stair Calculation: 


Minimum Result for Stair Calculator = 


Min./max. values for Rise and Depth: 
Maximum Riser Height = 


Minimum Tread Depth = 








Whether you use Stair By Component or Stair By Sketch, the stairs you create will be 
associated with a base level and top level. You can also assign offset distances to the base 
and top levels, which allow the stairs to start or end later or sooner depending on the design. 
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Because the stairs remain associated with these datum objects, if the datum objects are adjusted 
or the offsets are redefined, the stairs will automatically adjust within the calculated rules. This 
means that if the height reduces, the riser count will remain but each riser will be shorter. In 
other words, the footprint or plan of the stair will remain unchanged. If the height of a stair 
run increases and an automatic adjustment would violate the maximum riser height, you will 
receive a warning that the actual number of risers is different from the desired number of risers. 
In other words, the footprint of the stair will not change automatically. It is up to you to edit the 
stair to add more risers where you feel they are appropriate. 

Before we discuss the basic component of stairs and railings, download and open the file 
c15-00-Stair-Rail.rvt or c15-00-Stair-Rail-Metric.rvt from this book’s web page at 
www. sybex.com/go/masteringrevitarch2016. 


Working with Stair Components 


Using either the Stair By Sketch or Stair By Component tool, the basic elements of a stair are 
similar. The main part of the stairs—the risers and treads—is called the run in Revit. The 
structural elements that hold the run in place are known as stringers in the Stair By Sketch tool, 
and they are called supports in the Stair By Component tool. Finally, landings are addressed as 
unique elements in the Stair By Component tool. In the Stair By Component tool, each of these 
three basic elements (run, support, landing) is defined with its own unique type properties. 
When you use Stair By Sketch, they are all defined in the properties of each stair type. 


Run The critical parts of a run are the construction, material definitions, and tread 

and riser settings. There are two system families for runs in the default project template: 
Monolithic Run and Non-Monolithic Run. A monolithic run is essentially a single material 
for the stair, stringer, tread, and riser. Typically, monolithic runs are used for cast-in-place 
and precast concrete stairs, whereas non-monolithic runs are for stairs made of wood, metal, 
and various other materials. 


Support The supports for an assembled stair usually take one of two forms. In Revit, these 
are referred to as carriage (open) or stringer (closed), as shown in Figure 15.5. Carriage and 
Stringer are system families you can find in the Project Browser under Families > Stairs. 
After you select either the Carriage or Stringer option in the stair type properties, you can 
select one of the respective support types. For example, the Right Support property may be 
Carriage (open) and the Right Support Type value would be Carriage — 2" Width. You cannot 
customize a stringer or carriage profile when you use the Stair By Sketch tool. 


FIGURE 15.5 
Stair support options 





Stringer (closed) Carriage (open) Lateral offset 
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Landing Landings are the transitional elements between runs. As such, one of the main 
settings in the type properties for a landing is Same As Run. With this setting enabled, you 
are left with only the identity data and the material property for monolithic landings. If the 
Same As Run setting is disabled, you can treat the landing as another tread with the same 
opportunities to apply a thickness and a nosing profile. 


Certification Reviewing the Components of Railings 
ogive The major parts of a railing are the profiles, different kinds of balusters, and the nested types 

within each railing family. Additional functionality is available to help integrate different 

railing parts into a more cohesive system. In Figure 15.6, a common railing is shown to illustrate 


the fundamental parts of a railing type. 


FIGURE 15.6 
The integrated parts 
of a railing type 





Let’s examine some of these railing components in greater depth: 


Profiles The profile is the most basic component used to model a railing. All the rails, posts, 
and balusters are generated from profile families. You can have as many profiles per railing 
as you like, but you can’t have more than one shape in a profile family (RFA) file. In each 
profile family, the shape needs to be a closed loop—no gaps or overlapping lines allowed. 
Furthermore, all the railing profiles will be swept parallel to their host objects. In Figure 15.7, 
the top rail and all the intermediate rails are simple circular profiles swept along the path of 
the railing. 
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FIGURE 15.7 


Multiple profiles per 
railing 





Balusters There are three kinds of baluster family templates you can use to customize a 
railing type: 


Baluster posts have built-in instance parameters to control the height of the baluster so that 


it can adjust automatically when used within a railing type in a project. The posts are 
used at the start, end, and transitions of railings. 


Balusters are the main, repeated vertical structure of most railing designs. They have 


instance parameters as well that control the vertical length and the angle of the top and 
bottom of the baluster (Figure 15.8). When you create your own custom baluster families, 


you must constrain the geometry to these reference planes so the baluster will adapt to 
the settings in the railing type. 


FIGURE 15.8 
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Baluster panels have controls much like the baluster, but there are additional reference 
planes to control the overall width of a desired panel (Figure 15.9). 


FIGURE 15.9 Baluster Panel Elevation 
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Top Rail The top rail is a separate component of a railing type. That is to say, it will not 
appear in the Edit Rails dialog box. Instead, you will find the Top Rail settings in the type 
properties of the railing and they consist only of a height and a type. The top rail is a nested 
system family that you can find in the Project Browser under Families > Railings > Top 

Rail Type. Locate and double-click Circular — 1 1/2" (Circular — 40 mm). You will find more 
detailed settings to control this subset of railing functionality (Figure 15.10). Let’s take a look 
at some of the properties of a top rail: Construction, Terminations, and Extensions. 


Construction ‘The first category of properties in a top rail defines the basic construction 
of the rail. Here you will select a profile and specify other behavior such as default join 
condition, transitions, and hand clearance. 


Terminations Another top rail option is defining a termination. This is a family 
component that can be used at the end of a rail or rail extension. There is only one 
termination family loaded in the default project template, but you can create your own 
family using the Railing Termination.rft or Metric Railing Termination.rft 
family template. Figure 15.11 shows an example of a termination. 
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FIGURE 15.10 
Top rail type 
properties 
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FIGURE 15.11 
Rail termination 
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Extensions When you need a rail to extend beyond its main sketch definition of 

the railing, an extension can be specified as part of the rail type. The extension is an 
integrated part of the rail, so it’s controlled by the same properties like size or materiality. 
In the settings for Extension (Beginning/Bottom), you can select an option called Plus 
Tread Depth. This is to accommodate common building codes that require a stair 
handrail to be extended the length of one tread plus some standard distance. Extension 
Style is a setting that gives you three predefined designs for the rail extension: Wall, 
Floor, or Post (Figure 15.12). 


FIGURE 15.12 
Options for rail 





Wall Floor Post 


You can customize a rail’s extension by pressing the Tab key to select the rail. Then click 
Edit Rail in the contextual tab in the ribbon, and click Edit Path. 


Handrail The handrail is another system family that is nested within a railing family, 
and its properties are almost identical to those of the top rail family. The one exception 

is that handrails can use support families. From the Project Browser, navigate to 

Families > Railings > Handrail Type and then double-click Circular — 1 %" (or Pipe - 

Wall Mount in the metric equivalent) to open the Type Properties dialog box for a handrail 
(Figure 15.13). 


Beyond selecting a support family, you will notice settings for Layout that include Align 
With Posts, Fixed Number, Fixed Distance, Maximum Spacing, and Minimum Spacing. These 
are the main controls that will enable or disable the other settings for Supports, including 
Spacing, Justification, and Number. 


Rail Structure (Non-Continuous) Let’s return to the type properties of the main railing 
family. In the Project Browser, navigate to Families > Railings > Railing and double-click 
Guardrail — Pipe (900 mm Pipe in the metric exercise file). In the Rail Structure (Non- 
Continuous) parameter, click the Edit button to open the Edit Rails (Non-Continuous) dialog 
box (Figure 15.14). In this interface, you can insert rails defined by profile families as well as 
set their relative height, horizontal offset distance, and material. These rails are considered 
non-continuous because they will be intersected by any balusters you define in the Baluster 
Placement settings. Click OK to exit this dialog box. 


FIGURE 15.13 
Type properties for 
handrail supports 


FIGURE 15.14 

The Edit Rails (Non- 
Continuous) dialog 
box 
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Baluster Placement When you return to the type properties of the railing, locate the 
Baluster Placement parameter and click the Edit button to open the Edit Baluster Placement 
dialog box (Figure 15.15). As you can see, there are options for the main pattern and the posts 
and an option for how the balusters will be used on stairs. 


FIGURE 15.15 
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The Main Pattern section of the dialog box is where you would assemble all your baluster 
types and then space and host them accordingly. You can also decide how you want the 
pattern to repeat (or not repeat) itself at the ends of sketched line segments. The Posts 
section is used to specify which baluster is used at start, corner, and end conditions (and the 
frequency of corner posts). Click OK to close both open dialog boxes. 


That’s a high-level overview of the properties of railings and what they’re used for. We’ve 
covered the primary features necessary to create great railings. 


USING THE TAB KEY WITH STAIRS AND RAILINGS 


Railings consist of nested families for top rails and handrails. Stairs are divided into runs, land- 
ings, and supports. When you first select a railing or stair, you will be selecting the parent type. 
You could then click Edit Type in the Properties palette to change the child types; however, there 
are some unique instance properties and editing capabilities exposed when you use the Tab key to 
directly select one of the nested elements. 


For stairs, one of the important features of a run is whether it begins or ends with a riser. This 
property is critical in determining how a stair interacts with an adjacent floor slab. Depending on 
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the type of stair you create, these properties are part of either the stair type or the run type. In 
the newer style of stair, the only way you can access these properties is by hovering your mouse 
pointer over a stair and then pressing the Tab key once to select the run. The instance properties 
of the run will then be shown in the Properties palette. You can also access the run width in the 
same manner. 


For railings, you can use the Tab key to access editing functions of top rails and handrails. If you 
hover the mouse pointer over a top rail and then press the Tab key once to select the rail, you will 
find an Edit Rail button in the contextual ribbon. Activating this tool allows you to customize the 
path of the continuous rails to build or customize extensions. 





Look for a video explaining the procedure to edit rail paths on our YouTube channel at www 
. youtube. com/user/masteringrevit. Just remember that changes you make to the path ofa 
rail instance are not propagated to other rails of the same type. If you have a custom rail extension 
condition that needs to be replicated throughout your project, we recommend creating a custom 
baluster post family. It will be easier to edit and reload one family than to revisit every railing 
instance throughout the project if the design of the rail is changed. 


Creating Stairs 


Various common configurations of stairs can be created using the tools provided in Revit. 
Designs that used to require an outside-the-box (workaround) approach are now possible. 
Examples include three-run stairs (when the stair run turns back onto itself, creating an 
overlapping condition) and stringers with custom profiles. Despite the improvements to the stair 
tools, there’s still no way to anticipate every unique and sculptural design condition. In these 
cases, we'll show you techniques that aren't exactly using the stair tools as intended, but the 
results will geometrically resemble stairs (and their railings). 
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Certification 
Objective 


FIGURE 15.16 
Editing a Stair By 
Component ina 3D 
view 


Understanding the Stair Tools 


There are two different tools for creating stairs in a project environment—Stair By Component 
and Stair By Sketch. Each of these tools uses the core stair parts (runs, supports, landings) in 
slightly different ways. 
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D Stair by Component 





a Stair by Sketch 


When you choose the Stair By Sketch tool, you are using 2D sketch lines that represent 
boundaries and risers. Although you have access to a Run function in Sketch mode, it is merely 
automating the generation of the 2D sketch. You do not have direct access to manipulate the 
3D geometry of the stair when you use Stair By Sketch. In addition, the entire stair element is 
bound to the rules and settings in the stair type—you cannot customize individual parts. 

If you choose to use the Stair By Component tool, you have the ability to customize runs and 
landings within the overall stair element. You also have the unique ability to edit the stair in a 3D 
view. That is to say, the stair remains visible as a complete model when you edit the stair (Figure 15.16) 
compared to a Stair By Sketch, which collapses down to the 2D layout lines when edited. 
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There are additional subcategories of the Stairs object style that allow you to further 
customize the appearance of stairs and their related elements (Figure 15.17). One of the 
subcategories is Riser Lines—providing an additional dashed line parallel to the edge of the 
riser that indicates the nosing length. You can customize the appearance of these elements in 
Object Styles from the Manage tab in the ribbon. You can also adjust the visibility of the stair 
elements for any view in the Visibility/Graphic Overrides dialog box and optionally save the 


settings to view templates. 


FIGURE 15.17 
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The fundamental concept behind the Stair By Component tool is that the major components 
of a stair (run, landing, support) are nested system families that can be independently 
customized. Although both stair tools are being maintained in the software, understanding the 
difference between all the families and types can be a challenge. 

Let’s take a look at the Project Browser under Families > Stairs in the default project template. 
The family called Stair is the parent system family for the Stair By Sketch tool. If you expand 
Stair, you will see the stair types that will be available to you if you launch the Stair By Sketch 


tool. 


For the Stair By Component tool, there are three system families that function as the parent 
families. The following families are the top-level families into which other families are nested: 


@ Assembled Stair 
@ Cast-In-Place Stair 


@ Precast Stair 


Under each of these families is where you define a type to be used in your projects. For 
example, under the Cast-In-Place Stair family, you will find the Monolithic Stair type, which 
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uses nested families for the run, landing, and support. To better understand this nesting, let’s 
look at the family hierarchy of the Monolithic Stair type in a simple list: 


@ Family: Cast-In-Place Stair 
@ Type: Monolithic Stair 
@ Run Type: %" Nosing (20 mm) 
@ Landing Type: 7" Thickness (300 mm) 
@ Support Type: None 


In the Project Browser, you will find listings for the following nested families under the 
Stairs category: 


Carriage 

Monolithic Landing 
Monolithic Run 
Non-Monolithic Landing 
Non-Monolithic Run 
Stair Cut Mark 


©% ©% ©% >% ọ% 


Stringer 


Let’s explore the ability to directly manipulate component stairs. To begin, create a stair with 
a landing using the Stair By Component tool: 


1. From the Architecture tab, on the Circulation panel, choose Stair > Stair By Component. 
This will bring you into Sketch mode. Draw the stair from left to right. Base the base of 
the stair on the left of the screen, and drag your mouse to the right until you place nine 
risers. Click to locate the ninth riser. 


2. Now, move your mouse about 4' (1.2 m) to the right and click again. This will create a 
landing and the base for the tenth step. 


3. Drag your mouse to the right, placing the other nine risers. Your stair in sketch mode 
should look like Figure 15.18. 


Selecting the runs or the landing will display grips and temporary dimensions that can 
be used to change the width, direction, and location of the runs or landing. 


FIGURE 15.18 1 9 10 18 
Creating the 
component stair with 





landing 


4. Widen the left run and landing by selecting the portion of the stair and pulling the blue 
arrow grips down, as shown in Figure 15.19. 
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FIGURE 15.19 ý —— 
Widening the left run 





10 18 





5. Now select the landing and move the lower grip to further widen the landing, as shown 
in Figure 15.20. The landing maintains the connection to the lower run. 





FIGURE 15.20 
Extending the landing 








6. Changing the shape of the landing is not possible without converting the landing to a 
sketch-based component. Select the landing and then select Convert from the Tools panel. 
This will convert the component element to a sketch-based element. Keep in mind that 
this is irreversible (Figure 15.21). 





FIGURE 15.21 

Converting the 

landing to a sketch- Converting an automatic landing or a run 
based component component to a custom sketch-based 


component is irreversible. You can edit the 


sketch of a custom component. 


L] Do not show this message again 





7. With the landing now sketch-based, you can edit its shape and create a form that isn’t 
rectilinear. Select Edit Sketch from the Tools panel. Delete the lower sketch line and then 
replace it with an arch-shaped boundary, as shown in Figure 15.22. Finish the sketch for 
the landing, and then click Finish Edit Mode for the component stair. 
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FIGURE 15.22 
Sketching the new 
landing boundary 


A 


The resulting stair is shown in Figure 15.23. Don’t be afraid to experiment with using both 
component and sketch-based stair tools in a single stair condition. Just remember that it’s often 
easier to start with the component stair and then modify with sketches when necessary. This is 
a very powerful, flexible combination and gives you important feedback in 3D rather than going 
back and forth between sketches and the finished stair. This file can be downloaded from the 
Chapter 15 folder on the book’s web page. Look for the c15-Stair-Landing.rvt or c15- 
Stair-Landing-Metric.rvt file. 


FIGURE 15.23 
Combination 
component and 
sketch-based stair 


ose 
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USING THE INSTANCE PROPERTIES OF STAIR COMPONENTS 


We have discussed the hierarchy of nested families and types for components in other 
chapters; stairs follow this same structure. You can Tab+select through the stair to choose 
either the stair or the rail, but you have other options as well. By hovering over the side of 
the stair, you can choose just the treads or just the stringer. Both of these selection options 
come with their own properties, but there are even more parameters available as instance 
properties of runs, landings, and supports. When you use the Stair By Sketch tool, the Width 
parameter is available as a simple instance parameter, accessible in the Properties palette 
when you are sketching the stair or afterward when a stair is selected. When the Stair By 
Component tool is activated, you can set the width of a run only after it has been created. 
If you Tab+select the run within a stair assembly, you can access the Actual Run Width 
property and change it. 

The Begin With Riser and End With Riser properties are critical to integrating a stair with 
adjacent floor slabs. In the Stair By Sketch tool, these parameters are available only in the Type 
Properties dialog box, which means that you would need to create a new stair type if either of 
these conditions needed to be customized. For component stairs, these properties can be found 
in the instance properties of each run. You will need to Tab+select a run within a stair instance 
to enable or disable these parameters, but it is ultimately more flexible to use throughout your 
project. 

Another important group of instance properties is assigned to the stair supports. If you 
Tab+select a support for any component stair, you will see parameters, including Lower 
End Cut and Upper End Cut in the Properties palette. These can be assigned to Vertical Cut, 
Horizontal Cut, or Perpendicular—options that are not available with the Stair By Sketch 
tool. 


USING COMPONENT STAIRS IN ASSEMBLIES 


Stairs created with the component method cannot be added to assemblies. Use the Stair By Sketch 
method if you intend to document a stair with the Assembly functionality. See Chapter 19, “Working 
in the Construction Phase,” for more information about assemblies. 


Using the Components for Customizing Stairs 


A key concept in making the best use of Revit is to not get hung up on how elements and 
tools are named or labeled. For example, you can use the Railing tool to create a shading 
device—which is obviously not a railing. This same concept applies to stairs—don’t overlook 
the nosing profile family as a device for creating interesting shapes that complete the tread 
because the shape of the nosing is not limited to traditional-nosing profiles. Any shape 

that needs to extend beyond the face of the tread is fair game to model with the Nosing 
Profile family. Just remember that you're limited to a single profile per tread and stair run 
(Figure 15.24). You'll also want to pay particular attention to the insertion point of the nosing 
profile, because the intersection of the reference planes coincides with the top of the tread and 
the face of the riser. 
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FIGURE 15.24 
Custom-nosing profile 


Tread Surface 


Draw Profile in This 
Quadrant 





Figure 15.25 shows an example from a real stair that was designed to have each tread fabricated 
from a single plate of steel and then rolled to form the face of the riser above it. Here, each of 
these treads can be welded behind the lip of the tread above it. It’s a fairly elegant idea that can 
be accomplished by using a custom-nosing profile to create the appearance of a continuous tread. 
Look closely and you can see where the actual tread ends and where the nosing profile begins. 
Final linework can be adjusted or hidden (if necessary) when you're creating the details. 


FIGURE 15.25 
Continuous tread and 
nosing profile 





Figure 15.26 shows this stair in its final form using our custom profile, but the walls are 
hidden for clarity. If you'd like to investigate this stair further, it’s in the Chapter 15 folder on 
the book’s companion web page and is called c15-Henrys Stepp.rvt. 


FIGURE 15.26 
Example of a 
customized stair and 
railing 


UNDERSTANDING THE STRINGER 
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Stringers in Revit are good for creating a number of standard wooden or steel conditions, and 
the right and left stringers may be customized with profiles. If you need a custom middle profile 
or a stringer that follows the railing but deviates from the standard left/right stringer location, 
use the Railing tool (Figure 15.27). The stair will host this railing containing the custom stringer 


profile (or just the custom profile, with no handrail). 


FIGURE 15.27 

Use the Railing tool 
to create a custom 
stringer profile. 
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Notice in Figure 15.27 that the last profile is not part of the traditional portion of the railing. 
Instead, this profile is used to indicate a custom stringer profile (Figure 15.28). But it has been 
assigned to the railing to maintain a particular relationship to the stairs. 


FIGURE 15.28 
Railing profile 


1 


In Figure 15.29, we've isolated the railing from the stairs to illustrate the finished railing: the 
handrail, two glazed and continuous panels, and the custom stringer. 


FIGURE 15.29 
Completed railing 
profile 





This railing with a custom stringer profile is perfect for a multitude of stair conditions: 
straight, curved, or even a combination (Figure 15.30). This technique finishes off the stair nicely 
and exposes the structure in interesting ways. 
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FIGURE 15.30 
Finished stairs 





Although the stringer usually occurs to the left or right of the treads, this is certainly not 
always the case. In some situations you'll want to create a middle stringer using a custom 
profile. Just remember that this will be a railing that will be hosted by the stair and may not 
even contain a handrail, just the profile for the stringer (Figure 15.31). In this case, the railing is 
still being hosted by the stairs; however, there isn’t any railing geometry above the tread. 


FIGURE 15.31 
Custom middle 
stringer profile 
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For component stairs, you can also use a custom profile for a stringer, but instead of using a 
railing family as we previously described, it can be assigned to a support type. To accomplish 
this, you must first create a duplicate support type: 


1. 


Download and open the exercise file c15-Custom-Stringer.rvt. In the Project Browser, 
navigate to Families > Stairs > Stringer, right-click on Stringer — Default, and then select 
Duplicate from the context menu. 


. Double-click the duplicated type to open the Type Properties dialog box. Click the 


Rename button and set the new name to Stringer — Channel. Click OK. 


In the Section Profile parameter, select C-Channel-Profile : C9X15 (M_C-Channel-Profile : 
C250X30 in the Metric file). 


Check the box for the Flip Section Profile parameter. 


DS. Finally, change the Structural Depth on Landing to 5” (125 mm) to set the channel 


location under the stair. Click OK to close the Type Properties dialog box. 


Activate the default 3D view and select the stair in the view. In the Properties palette, 
click on Edit Type. 


Find the Right Support Type parameter and click in the parameter value field. Click again on 
the small icon in the parameter field to open the Type Properties dialog box for the stringer. 


8. In the Type dropdown list, select Stringer - Channel and then click OK. 


9. Repeat steps 7 and 8 for the Left Support Type. 


10. 


FIGURE 15.32 
A custom profile can 
be used as a support 


type. 


Click OK to close the dialog box and then observe the change in the stringer support for 
the stair (Figure 15.32). 





This workflow applies to a carriage support as well. Repeat the previous steps, but look for 
those support types under Families > Stairs > Carriage. As a final note about custom support 
profiles, you must ensure that the proper usage property is specified in the profile family when 
you are creating the shape. In the Family Editor, click the Family Category And Parameters button 
in the ribbon and make sure the Profile Usage parameter is set to Stair Support (Figure 15.33). 
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FIGURE 15.33 
Setting the Profile 
Usage parameter for 
a custom support 
profile 
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USING BALUSTERS AS TREAD SUPPORTS 


Common tread shapes can be pretty boring, so let’s move on to custom tread conditions. In 
situations where you need to be a bit more inventive, you're going to create a custom baluster. 
This technique can either create a custom support element for the default treads or it can 
indicate the actual tread. 

But instead of the baluster being vertical, it’s going to be horizontal. This horizontal baluster 
will be used in conjunction with the default tread. This baluster may even completely envelop 
the tread (Figure 15.34). 


FIGURE 15.34 
Baluster as tread 
support 





669 


670 |CHAPTER15 CREATING STAIRS AND RAILINGS 


First, we need to discuss a few rules for creating a customized tread support for the default tread: 


+ 


FIGURE 15.35 
Single component 
that will be used as a 
tread support 


Not every baluster needs a railing. If your baluster support isn’t going to be a part of the 
“real” railing, just create another “railing” that is hosted by the stairs. Sketching another 
path for your custom railing that only contains the tread support baluster can accomplish 
this in a few steps. Another technique is to copy an existing railing, then paste it to the 
exact same location, and change the type to your custom supporting baluster. 


The baluster family template needs to be used for the component that will act as the tread 
support. Otherwise, it can’t be associated to the railing. 


If you have a complex support element, it may be helpful to model the desired support 
element as a generic family. When you've finished, nest this generic element into the 
baluster family. You may want to do this because the baluster templates have hardwired 
reference planes and parameters (which is fine if you’re making a baluster that needs 

to geometrically flex). But in this case, we’ve found that these reference planes and 
parameters may cause your baluster to fail when you load it in the project as a result of 
these parameters flexing. By modeling the geometry elsewhere and nesting it, you avoid 
this hassle because it moves as a single component. 


Designating the level of detail is crucial. Assigning smaller model elements to only 
appear when the Detail Level of a view is set to Fine will result in much faster graphics 
regeneration, view panning, and model rotation. So if you're nesting one component 
into another family, the detail that you're assigning at the deepest level will be respected 
through nesting (Figure 15.35). 





Once the component is complete, you can nest it into a baluster template, as shown in 
Figure 15.36. If necessary, it’s also possible to assign parameters to the dimensions in the nested 
configuration. 
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FIGURE 15.36 
The generic model 
nested into a baluster i 
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The completed stairs are shown in two different configurations in Figure 15.37. Many 
configurations are possible once you correctly define a single stair type. If you'd like to 
investigate this stair further, it’s in the Chapter 15 folder on the book’s web page, and the file 
is called c15-Angled-Support-Stair.rvt. 


FIGURE 15.37 
Completed stairs with 
angled tread supports 





A custom baluster support might be modeled to contain the real balusters that are intended 
to support railings. This can simplify and shorten modeling time. In the example shown in 
Figure 15.38, the baluster support geometry also contains the railing elements on both the right 
and left sides. If you'd like to investigate this stair further, it’s in the Chapter 15 folder on the 
book’s web page; the file is called c15-Support Tread.rfa. 
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FIGURE 15.38 
Complex tread 
support with 
balusters 


The previous support baluster can be brought together with a custom profile for the center 
stringer, handrails, and glazed panels to form a complete stair and railing design (Figure 15.39). 
You can download this example from the Chapter 15 folder on the book’s web page; the file is 
called c15-Center Baluster Support.rvt. 





FIGURE 15.39 
Completed stair 
design with custom 
tread support asa 
baluster 
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CONTROLLING THE BALUSTER SUPPORTS 


Don’t forget to control the number of baluster supports per tread. Revit has an easy way to accom- 
plish this through the railing option Use Baluster Per Tread On Stairs, found in the Edit Baluster 
Placement dialog box. 


Once you've begun to experiment with creating balusters as tread supports for stairs, you'll 
notice you have options for making more complete and finished conditions. 

Start and end posts are useful and can help complete the structure of your custom railing 
and baluster system, particularly if you want to properly anchor and connect your custom stair 
and railing. The elements shown in Figure 15.40 are the start and end posts to anchor a custom 
railing and a baluster that will serve as the tread with integrated support. It builds on the 
previous example of using a baluster as a support element for a tread. 


FIGURE 15.40 
Custom post and 
baluster families 





(a) (b) 


To finish this stair, you need to create start and end posts that anchor the stair. As with the 
previous handrail-join exercise, you'll want to model the bulk of the custom stair with the 
custom railing. Then you'll export the stair parts for importing into the baluster template (or the 
generic model template that will be nested into the baluster template). 

Figure 15.41 shows the results after the start and end posts and custom baluster families are 
applied to a completed stair design. 

When it all comes together, the results can be elegant and interesting. All of this is available 
through the default Stairs tool. You can download this stair from the Chapter 15 folder on the 
book’s web page; it’s called c15-Tube Stair.rvt. 

Now let’s go one step further. There’s no reason that the baluster support element needs to 
exactly conform to the shape of the tread. And there’s no reason that the support element can’t 
contain the actual baluster that is intended to support the handrail. 
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FIGURE 15.41 
Finished stair with 
custom start and end 
posts 





Take a look at the support element in Figure 15.42. Not only does it contain the support 
element, but the support element has been modeled to exceed the shape of the tread that will be 
modeled by the Stairs tool. 


FIGURE 15.42 
Support and baluster 
as a generic model 
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Keep in mind that we’ve modeled the support element as a generic model and then nested 
it into a baluster post template (Figure 15.43). Again, this keeps the baluster together so it’s not 
affected by the built-in reference planes and parameters. 
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Baluster Post 
Left Elevation 


Once this custom baluster post is loaded into the project, associate it with the stair and its 
railings. Remember to select the One Baluster Per Tread option. When finished, the default 
tread is an inlay to the more complete tread support (Figure 15.44). In more complex conditions, 
it may be desirable to envelop the entire tread with the support geometry. Doing so will allow 
you to create complex tread shapes that are not dependent on the default tread and use the 
functionality of the stair and railing objects to properly locate, rotate, and elevate each of your 
custom treads. If you want to examine this stair further, check out the file c15-Curved Tread 
Support.rvtinthe Chapter 15 folder on the book’s web page. 

FIGURE 15.44 


Finished stair with F 

integrated baluster 

and support 
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Figure 15.45 shows an example using this technique. The tread support elements have been 
modeled using blends in order to sweep under the metal plate while changing direction from 
vertical to angle. This will accommodate the angled pipe rail that will support the stair. 


FIGURE 15.45 
The top and underside 
of a tread support 


Treads come together in a particularly interesting stair and railing configuration. There is 
obviously a more conventional outer railing for this stair. But the inner railing doesn’t have 
any elements that occur at hand height. The entire inner railing exists to support the baluster 
supports (which in turn support the default treads). The end post is being used to anchor the 
entire structure through the second level. You can find this example, c15-Highlights.rvt, in 
the Chapter 15 folder of the book’s web page. Figure 15.46 shows the finished stair. The large 
structural element is actually a baluster that’s been designated as the end post. 
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FIGURE 15.46 
Completed stair with 
large end post 
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Creating Stairs with Other Tools 


We've discussed a number of different ways the parts of stairs can be manipulated and created. 

As we approach alternate modeling techniques with the goal of creating elegant stairs, understand 
that the metadata may not correspond to the geometry. This is usually the only option to complete 
a design where there are limitations to the default tools while avoiding the need to resort to strictly 
2D representation. Because the metadata—the information part of BIM—isn’t being coordinated 
properly, you'll want to take particular care with regard to tagging and scheduling. 

A solid spiral wall can be used as a railing, or a support element can easily be created in the 
Family Editor and then associated with the stair as a start post. Of course, this geometry could 
also be created as an in-place family, but then you'd lose the advantage of being able to quickly 
and easily relocate the stair in your project (or create a multistory condition). 

In Figure 15.47, you can see part of a spiral stair with default treads and supports modeled as 
balusters with the Railing tool. 


FIGURE 15.47 
Baluster used asa 
support element 





Rather than create the spiral wall (Figure 15.48) as an in-place family under the stair, the form 
was modeled as a baluster post in order to associate it with the beginning of the railing being 
used for the support brackets. 


FIGURE 15.48 

A series of swept 
blends modeledina 
post family. 
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To make sure the path is correct, the run line of the stair is copied into the post family named 
Spiral Start Post (Figure 15.49). Now you can use this path as you create each of the blended 
sweeps (creating only one swept blend per path). In this case the blends are being modeled so 
that there’s a 3" (75 mm) gap between the undersides of the default treads. 


FIGURE 15.49 
Copy the stair run ea 
path into the post y 
family. 
< 
j | pP 
| ° 


Figure 15.50 shows what you get when it all comes together. The swept blend has been created in 
a post template. This post is then loaded into the project environment and associated with the railing 
type named Support Baluster that contains the baluster definition with the support brackets named 
Custom Baluster. This is also a useful technique if you have to create walls that need to follow either 
side of a stair. If the condition exists only once, you may opt to create this as an in-place component. 


FIGURE 15.50 
Finished stair 
condition 
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But if it occurs more than once or might be rotated and relocated (as well as occur on many 
levels), we recommend that you create this as part of the stair and railing definition. Then it will 
be easier to maintain relationships throughout the project. To investigate this stair, download 
the c15-Concentric Stair.rvt file from the Chapter 15 folder on the book’s web page. 

Now let's put it all together. When it comes to feature stairs, few stairs are as immediately 
recognizable as the glass stairs and walkways that have been designed for Apple by Bohlin 
Cywinski Jackson (Figure 15.51). Although these stairs seem incredibly challenging, there’s very 
little about the feature stair at Apple’s Fifth Avenue retail store that can’t be modeled out of the box! 


FIGURE 15.51 
Feature stair at the 
Apple Store in New York 


Source: Image courtesy of Dougal 
McKinley 





Even though the stairs are very sculptural, there are quite a few repetitive relationships that 
are easily identified and defined. Of course, what doesn’t strictly conform to the rules of the 
Stairs tool will have to be modeled elsewhere. First, let’s model the treads and landing. We’re 
assuming some dimensions since we don’t have the actual drawings or measurements to work 
from: 2" (50 mm) thick, 6-0" (2 m) wide, and a 4'-0" (1.2 m) interior radius (Figure 15.52). 
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FIGURE 15.52 
Finished tread 
configuration 





A small support pin is used to support the treads. One pin per tread supports the inner 
portion of the tread, but two pins per tread support the outer portion (so right away we'll have 
to create two separate handrail types for the stair). Figure 15.53 shows the pin family. 


FIGURE 15.53 
Support pin asa 
baluster 
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With this in mind, we're able to place the pin as a baluster after modeling it as a generic 
model and then nesting it into a baluster family template (not a baluster post), which will allow 
it to conform to the elevation of the landing. Since the pin is so small, it is only assigned to the 
Fine level of detail, so it doesn’t show up unless the Detail Level property of a view is set to Fine. 

As just mentioned, two handrail types are needed because they will host different baluster 
definitions. The inner handrail has one pin support per tread, whereas the outer handrail has 
two pin supports per tread (Figure 15.54). 


FIGURE 15.54 
One and two pins per 
tread with handrails 





As for the start and end posts, two families are needed: one for the start configuration and 
another for the end. They include the horizontal extension beyond the end of the railing sketch. 
Once you've added these posts, the stair really starts to come together (Figure 15.55). 

This concludes the portion of the stair that can be modeled out of the box. Export this 3D 
context for the remainder of the stair, which will be modeled as a generic family and then 
nested into a baluster post and assigned as a start post. There’s a third railing in this stair 
(which contains no railing profile). This “invisible” railing is hosted by the stair and creates the 
remaining elements, as shown in Figure 15.56. 

Two swept blends form the upper and lower glazed and curved panels, and a regular sweep 
forms the panels at the landing. At the same time, a single extrusion forms the center, glazed 
cylinder. When all this geometry is modeled, a single void (in plan) is extruded vertically and 
creates all the discrete panel separations at one time. 
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FIGURE 15.55 
Treads, support 
balusters, and railings 





FIGURE 15.56 
Glazed panels with 
connections 
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The panel supports and the actual balusters that will support the railing are modeled 
elsewhere and then nested into this family. This approach will allow the object to be quickly 
updated from a single location. Keep in mind that the handrails in the project will be used to 
host the baluster “pins” (one or two per tread); the handrail supports will be nested into this 
family. Each panel has a single baluster element (Figure 15.57). 


FIGURE 15.57 

Final geometry before 
nesting into the 
baluster family 





Now youre ready to associate this baluster post with a center railing (which contains no 
handrail). A couple of details are shown in Figure 15.58. 


FIGURE 15.58 
Completed stair and 
details 
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Figure 15.59 shows the finished stair. Yes, there’s a lot more to the stair than this: the 
platform, elevator, landing, and so on. At the end of the day, there’s nothing to keep you 
from modeling the entire stair in the Family Editor and then placing it in the project as 
a generic model. In some cases, this is exactly the kind of modeling control that complex 
and sculptural stairs need. Are they stairs? No, they’re probably more like inhabitable 
sculpture. And trying to design sculpture in a spreadsheet is harder than just modeling 
what you want in the Family Editor. “But what about parameters?” you ask. Well, 
sometimes defining the parameters takes more time than making the change manually 
in one place and then reloading the results into your project. If you’re interested in 
downloading this stair, it’s in the Chapter 15 folder of the book’s web page; the file is 
called c15-Apple Stair.rvt. 







FIGURE 15.59 
Completed stair, panels, 
and core 
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Annotating Stairs 


Stair treads are annotated using the Tread Number tool, which is located in the Annotate tab 
of the ribbon. You can use this tool from any plan view. When this tool is activated, place a 
string of labels on any component stair by simply selecting the stair run. The tread number 
annotation can be placed at the sides, the middle, or the quarter points along the run width 


(Figure 15.60). 


ANNOTATING STAIRS 


FIGURE 15.60 

The tread number 
annotation counts 
individual treads or 
risers. 





To customize the tread number annotation, select a tread number instance you have already 
placed in a view and you will find additional parameters in the Properties palette, such as 
Number Size, Orientation, and Display Rule (Figure 15.61). You can also change the start number 
in the Options bar. 





FIGURE 15.61 
Customize the Modify | Stair Tread/Riser Numbers Start Number: 1 


tread number in the Properties x | E 
Properties palette. 


The arrow and label for stairs are controlled independently of the stair type for component 
stairs. If you created a stair with the Stair By Component tool, you will notice that the arrow and 
label can be selected separately. When they’re selected, you can change the type of annotation in 
the Type Selector, and you have additional parameters in the Properties palette (Figure 15.62). 

Because the stair path annotation for component stairs is a separate element, it can simply be 
deleted when you don’t need it in a view. To replace the annotation, go to the Annotate tab in 
the ribbon, and from the Symbol panel click the Stair Path button and pick a stair to apply the 
annotation. 

Finally, the cut mark that displays with stairs in a plan view can be slightly customized. The 
settings for cut marks are stored in yet another system family that is nested within the component 
stair type properties. In the Project Browser, navigate to Families > Stairs > Stair Cut Mark to find 
the types available in the default project template. Double-click any of these types to observe the 
properties for customizing the cut mark (Figure 15.63). To assign a Cut Mark Type value, open the 
Type Properties dialog box for a component stair type and look for the Graphics heading. 
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FIGURE 15.62 
Settings for the stair 
path annotation 
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Creating Railings 


Railings can be created anywhere in a project. They can be placed on stairs, ramps, floors, and 
roofs, but they are not hosted elements. The railing does not need to be dependent on a host 
object to exist. From the Architecture tab in the ribbon, you will find the Railing tool in the 
Circulation panel. Click the Railing flyout and you will see Sketch Path and Place On Host. 





fa Place on Host 
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You would use the Sketch Path tool to create a railing on a flat surface such as a slab edge. 
When the Place On Host tool is activated, you must select a stair or a ramp and the placed railing 
will follow the slope of the stair or ramp. If you choose this second option, notice in the contextual 
ribbon that you have the option to specify whether the railing will be oriented above the tread or 
the stringer (Figure 15.64)—you can always modify this after the railing has been placed. 


FIGURE 15.64 
Set options for tread 





or stringer placement 
of railings. 
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Before we create a railing, we should explain the placement of a railing on a stair a little 
further. When you use the Place On Host method, the railing path is automatically assigned 
to the edge of the stair that represents the outside face of the tread and the inside face of the 
stringer (if one is defined). The railing orientation is simply flipped to either side of this path— 
toward the tread or toward the stringer. In the Properties palette, you will find a parameter 
named Tread/Stringer Offset that is set to —0'-1" (-25 mm) by default. Most rail and baluster 
families are developed along a center axis; therefore, the Tread/Stringer Offset value pushes the 
railing to one side or the other of the railing’s path. To modify this orientation after a railing has 
been placed, select a railing and either click the flip arrow that appears in the view window or 
right-click and select Flip Orientation from the context menu. The Tread/Stringer Offset value 
will remain the same no matter which way the railing is oriented. 

When you use the Place On Host option of the Railing tool, be aware that you will not be 
able to click on stairs that already have railings. You will not be prompted with a warning or an 
error—you simply can’t select the host object. If you do find a stair or ramp on which you would 
like to place a railing, also be aware that one railing type will be applied to both sides of the host 
object. If you want a different railing for the outside of a stair element, you can use the Place On 
Host tool and change one of the rails with the Type Selector later. If you are using the Stair or 
Ramp tool, you can choose the option to automatically place railings when the stair or ramp is 
created. When either of these tools is activated, you will find the Railing button in the contextual 
tab in the ribbon (Figure 15.65). 
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Click this Railing button in the contextual ribbon and the Railing dialog box will appear 
(Figure 15.66). From the drop-down list, you can choose any railing type defined in the project 
or choose Default or None. For stairs only, you can define the placement of the railing to be 
along the treads or the stringers. 
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Where would you need to use these sketch segment options for railings? You can use them 
to customize a railing that has been placed on a host. For example, you may need to continue a 
railing from a stair run onto a flat landing. Let’s try this out in an exercise: 


1. Download and open the file c15-Railing-Tool.rvt or c15-Railing-Tool-Metric 
.rvt from this book’s web page. 


2. There is asample stair from Level 1 up to Level 2, and a railing has already been placed 
on the stair. Open the Level 2 floor plan. Select the railing along the outer edge of the stair 
and click Edit Path on the Mode panel in the contextual ribbon. 


3. In the Draw panel of the contextual ribbon, select the Line tool and draw a line from 
the end of the existing railing sketch, as shown in Figure 15.67. Include a short segment 
extending in the direction of the existing sketch line, and then draw the next segment to 
the perpendicular edge of the floor landing. 


FIGURE 15.67 eae ork Se ey 
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4. Select both new sketch segments you drew in step 3, and from the Options bar, set the 
Slope option to Flat. Now, this step may not be necessary because the railing sketch 
should be aware that the floor below is flat, but this is the best way to ensure consistent 
results with manually sketched railing paths. 


5. Click the green check mark in the contextual ribbon to finish the sketch, and activate the 
Default 3D view to observe your results (Figure 15.68). 


FIGURE 15.68 

The completed railing 
has been extended 
onto the landing. 





Creating a Custom Railing 

Now that we’ve reviewed the major components of stairs and railings, let’s create a rail. The rail 
we're going to make is a stainless steel cable railing with flat steel stock posts. Our completed 
railing will look like Figure 15.69. You can adapt the workflow we're going to complete to create 
just about any typical railing. 


FIGURE 15.69 
The finished cable 
railing 
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I 


Line 


1. To begin, we need to build some of the components of the railing. The rail will have a 


stainless steel top rail, which is already part of our default project template. However, 
we will need to create the cables and the posts. Let’s start with the cable. Select the 
Application button and choose New > Family. Select the Profile-Rail.rft or Metric 
Profile-Rail.rft family template. You'll see two intersecting reference planes and 
some text describing the Rail Centerline and the Rail Top. 


© We're going to create the cable, which is a simple, circular extrusion. On the Create tab, 


select the Line tool from the Detail panel. Use this tool to create a circle that is %" (12 mm) 
in diameter (Figure 15.70). Save this file as Cable.r fa. 


FIGURE 15.70 l 
The cable profile | 





3. We need to do a similar thing to create the stainless steel posts. Select the Application 


button again, choose New > Family, and select Baluster-Post.rft or Metric 
Baluster-Post.rft from the list of new families. This will open the Left elevation view 
of the family. From the Project Browser activate the Ref. Level plan. We’re going to make 
an extrusion that will become our baluster. 


© You'll notice that the tools in this family are different from those in the profile family we 


just created. The profile family was simple 2D linework that will extrude along a path to 
create the cable. In this baluster family, we’re going to create a 3D element. In the plan 
view, choose Extrusion from the Forms panel of the Create tab. Using the intersection of 
the reference planes as the lower-left corner of the form, create a box that measures 1 14" x 
¥4' (38 mm x 12 mm). The shape should look like Figure 15.71. Don’t worry about adding 
the dimensions. 


FIGURE 15.71 
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With the shape created, click the green check mark in the contextual tab of the ribbon 

to make the form. You'll see your box in plan, but for the next step, activate the Front 
elevation view from the Project Browser. You'll see a short extrusion of the form you just 
created with the base at the Ref. Level. You'll also see two reference planes above the 
form—one represents the typical railing height and the other (the higher one) represents 
the typical guard rail height. 


. Switch to the Modify tab in the ribbon and choose the Align tool, and align the bottom 


of the extrusion to the Ref. Level and the top of the extrusion to the lower reference plane 
(Figure 15.72). Make sure to activate the lock after each alignment. When you've finished, 
save the new family as SS-Post.rfa. 


FIGURE 15.7200 os SESS SS ees ee 


Align the post to the 
reference planes. 


6. With both of these families created, you can now make the railing. Open a new project 


file and load both of these families into it. Choose the Railing command and select Sketch 
Path. Draw a simple line of any length. That will become your railing. Now, while you're 
in the Railing command, you need to create a new system family type to be your rail. 
Since this is a system family, like walls or floors, you need to create the rail by duplicating 
an existing one. Choose Handrail — Pipe and select Edit Type from the Properties palette. 


© In the Type Properties dialog box, choose Duplicate and name the new family Cable 


Rail. Click OK to close the Name dialog box. The family you duplicated shares many 

of the features of the rail you want. The top rail is a circular pipe, and the rail itself 

is 3' 900 mm) tall. You need to modify the Rail Structure (Non-Continuous) and the 
Baluster Placement options. Begin with the Rail Structure (Non-Continuous). Choose the 
Edit button to open the Edit Rails (Non-Continuous) dialog box. This dialog box has rails 
that are spaced 6" (150 mm) apart using the Circular Handrail profile. You want to change 
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FIGURE 15.73 

The completed 
Edit Rails (Non- 
Continuous) dialog 


box 


a few things here. First, under the Profile heading, change the profile to Cable : Cable, 
which is the railing profile you just created. You can do that by selecting Cable : Cable 
from the drop-down menu. Do this for all of the profiles. 


- Next, you want to change the rail spacing from 6" (150 mm) to 4" (100 mm). Modify each 


of the rails to show a 4" (100 mm) increment. Your rails from bottom to top will read as 
follows: 


4" (100 mm) 
8" (200 mm) 

1-0" (300 mm) 
1'-4" (400 mm) 
1-8" (500 mm) 


This won't be sufficient to make it to the bottom of the top rail, so you'll need to add 
more rails. Click the Insert button to add three more rails: Rail 6, Rail 7, and Rail 8. Make 
the profile for all of those Cable : Cable and give them a height of 2'-0" (600 mm), 2'-4" 
(700 mm), and 2-8" (800 mm), respectively. Here you can also define the materiality of the 
rail. We've applied Stainless Steel to all of the rails. The completed dialog box will look 
like Figure 15.73. Once you've finished, click OK. 
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9. Now you need to adjust the baluster. In the Type Properties dialog box, at Baluster 
Placement, select Edit. This opens the Edit Baluster Placement dialog box. 


10. First, like in the rail, you need to modify the family that is used to make the baluster. 
From the Baluster Family drop-down menu for both the Main Pattern (the upper portion 
of the dialog box) and the Posts (the lower portion of the dialog box), change the family 
to SS Post : SS Post. Also, you want the post centered under the top rail. Because you built 
the post family to one side of the reference planes, you need to offset the post to center it. 
In the Offset column on the far right, enter a value of %" (19 mm). The finished dialog box 
will look like Figure 15.74. 


FIGURE 15.74 

The completed Edit 
Baluster Placement 
dialog box 
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11. Click OK twice to finish the rail. The completed cable railing will look like Figure 15.75. 
You can see how quick and easy it is to create some simple railings. You can find the 
finished railing, c15-SS Railing.rvt, on the book’s web page. 


Creating Glass Railings with the Curtain Wall Tool 


The most challenging railings often require exceptions to the rules. This usually means 

you're trying to manually locate balusters or use panels that are not part of the routine railing 
definition. If you tried to define each of these exceptions as a different railing type, your project 
would be overflowing with railing types. The best solution for these types of railings is to 
diverge from the Railing tool and use the Curtain Wall tool. 
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FIGURE 15.75 
The completed railing 





By using the Curtain Wall tool, you'll be able to create railings by modeling the balusters 
and panels inside the Curtain Panel family template (Figure 15.76). Another nice feature about 
this technique is that the railing is a room-bounding element because it is actually a wall. That 
makes this perfect for mezzanine conditions that require area calculations—certainly more 
efficient than creating redundant room-separation lines! 


FIGURE 15.76 
Curtain panel asa 
railing 
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Start by creating a single panel using the Curtain Panel template. The family may contain not 
only the panel for the railing but also the balusters. Once you load this panel into your project, 
you can create curtain walls with predefined panel widths (Figure 15.77). 
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FIGURE 15.77 
Curtain panel railing 
with custom baluster 
locations 
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Because curtain panels allow you to unpin predefined grids (as well as create other grid 
locations), you'll be able to quickly and easily make exceptions to the rules that you previously 
defined (Figure 15.78) and create several unique baluster locations specific to the installation. 


FIGURE 15.78 
Adjusted baluster 
locations 





When youre creating railings as curtain walls, be sure to filter your schedules accordingly 
to prevent these “railings” from being included in your curtain wall schedules. If you want to 
download this example project, it’s in the Chapter 15 folder on the book’s web page and is 
named c15-CurtainWall-Railing.rvt. 
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These outside-the-box techniques should give you some great ideas for making custom 
railings faster and more interesting than you could ever have imagined. 


Using the Railing Tool for Other Objects 


Currently, Revit software doesn’t have a specific tool to allow components to be quickly and 
easily distributed along a user-defined path. In some cases you could use line-based families, 
but these don’t work in curved conditions. You could also experiment with adaptive components 
in the conceptual massing environment, but that could be too complicated for a simple, 
repeating element. In the meantime, consider using the Railing tool to distribute elements along 
paths for a variety of uses besides just for railings. 


CAREFULLY IDENTIFYING CUSTOMIZED MODEL ELEMENTS 


In this chapter we will make a few suggestions to use tools designed to create one type of element 
to generate other types of model elements. We highly recommend you take care in identifying such 
elements so that they may be clearly understood by other people who might use your model. If not 
clearly identified, these elements could cause trouble in BIM applications such as 3D coordination, 
quantity surveying, and estimating, and where specification databases are connected to the design 
model. Here are some suggestions for identification: 


@ Use the Assembly Code property to assign an appropriate system description. 
@ Provide a unique and clearly recognizable Type Name value. 
@ Provide a clear description in the Type Comments field. 


Whatever method you choose to identify these types of customized elements, be sure to indicate 
the method in your project’s execution plan. Whether it is a BIM execution plan, project execution 
plan, or other similar document, this type of communication and collaboration is essential to the 
reduction of errors and rework. 


When using railing functionality outside of a railing to distribute elements along paths, keep 
in mind these three rules: 


@ You'll probably want to nest your family into a baluster family template (rather than 
creating it directly as a baluster). This is because the existing parameters within the 
baluster family can cause your geometry to fly apart if it needs to move up and down asa 
single element. 


@ Don't expect your nested element to schedule or tag. If you need the elements to schedule 
or tag individually, you probably want to place them individually (or use another 
technique, like a line-based family). 


@ Don't share parameters of nested families in an attempt to schedule. Your element won't 
schedule properly. 


In some cases, you'll want the railing family to have associated profiles, like the shading 
device in Figure 15.79. The railing profiles are used to create the shading fins, and the balusters 
are the support elements. 
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FIGURE 15.79 
Railing as shading 
device 





Using railings to quickly and evenly distribute components along a path is great during 
design and allows for quick iteration. Outdoor elements like lampposts are particularly 
appropriate for distributed placement (Figure 15.80). In this example, a lamppost has been 
nested into a baluster family. 


FIGURE 15.80 
Lamppost nested into 
a baluster family 
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Once this lamppost has been nested in the baluster family, you'll be able to create a custom 
“railing” with the lamp designated as the “baluster.” This will allow you to quickly and easily 
distribute lampposts along a sketch at specific intervals that can be modified as a parameter. 
So, for example, if the lamppost was originally distributed on 60' (18 m) centers, you could very 
quickly redefine it to occur on 40' (12 m) intervals (Figure 15.81). 


FIGURE 15.81 

Lampposts l 
distributed along a 
path as a baluster 
family 


You can use this for any repetitive elements that must be placed on center and evenly 
distributed along a path. Other uses might include pipe bollards and outdoor planting. 

Even a design pass at light rail tracks (including railcars) can be distributed along paths 
(Figure 15.82). In this case, the rail sleepers are balusters, and profiles are used to create the 
rails and the rail bed. The monorails are easy too. The vertical supports and railcars are 
balusters, and the suspended track is the rail profile. This file can be downloaded from the 
Chapter 15 folder on the book’s web page. Look for the c15-Monorail and Railway 
Railing.rvt file. 


FIGURE 15.82 
Transportation 
components as 
railings 





USING THE RAILING TOOL FOR OTHER OBJECTS 


CD Real World Scenario 


IMPORTANT BEST PRACTICES 


Here are some best practices to consider with regard to creating complex stairs and railings: 


+ 


Don't forget to nest your family components whenever possible and appropriate. This will keep 
the components together when associated with some other template that contains hardwired 
parameters and reference planes. It will also save you time during design changes and iteration. 


Don't struggle with creating the stairs in this chapter. If you get stuck, you can download the 
sample stairs from this chapter’s files and use them for a starting point when creating your 
custom stair. Just remember, it’s usually easier to build and test a custom stair or railing ina 
sample project first. Then copy and paste or use Transfer Project Standards to get the custom 
stair or railing from the test project to your actual project. Download sample files for this 
document at the book’s web page. You'll probably want to copy your custom stairs and railings 
in an easy-to-access project that contains several finished examples (since they can’t be kept 
as family components). 


The level of detail and visibility is crucial if you care about graphic refresh times and printing. 
As you model the components of your custom stairs and railings, assign appropriate orienta- 
tion and level of detail (Coarse, Medium, or Fine). You'll notice a difference when you pan and 
rotate your model. 


Take care to filter schedules. Using a curtain wall as a railing may have certain advantages, 
but you also want to make sure your curtain wall schedules are filtered to exclude these types 
of elements. 


Overall, be careful when reaching into your bag of tips and tricks! You need to weigh the cost 
of implementing a new process against the cost of doing what’s familiar. Make sure that you're 
maintaining a balance between predictability and efficiency. There are frequently two extremes that 
you need to avoid: 


+ 


High predictability; low efficiency. Most people will grasp the solution that you intend to 
implement; they’ll fully understand the technology and technique. But they’ll also quickly 
realize that managing design changes and iteration will be highly manual and time consuming. 
And the rest of the team will doubt your leadership and understanding of the technology and 
processes. 


High efficiency; low predictability. The solution will be very efficient to manage the design, but 
only you or a few team members will understand what you've created. Everyone else on the 
team will resist making any changes to your creation out of fear that they’ll break it. 


So, what’s important with creating interesting and innovative stairs and railings is that you manage 


to strike a balance between these two extremes. Just remember these four simple characteristics: 


Beneficial Not just to you, but to the project team 
Efficient Implementation and changes that are fast and predictable 
Elegant Understood by the team and by any new team members 


Repeatable Can be used on many projects 


(continues) 
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(continued) 


If you can’t remember these guidelines, the handy acronym of BEER should help. When you are not 
sure which solution is the best one to follow, your team will tend to gravitate to whatever allows 
them to have a beer at the end of the day. 


In other words, whatever allows them to decompress, reenergize, and come back to work the next 
day refreshed, focused, and enthusiastic will ultimately win out. And keep in mind that this prin- 
ciple isn’t just important to stairs and railings or Revit or BIM; it’s important to having an inter- 
esting life. 


The Bottom Line 


Understand the key components of stairs and railings. Having a complete understanding 
of the components of stairs is important. You don’t want to set about breaking the rules until 
you understand how best (and when) those rules can be broken. 


Master It What are the essential parts of stairs? 


Understand the different stair tools and apply them to custom designs. Designing ina 
spreadsheet is hard. Step back and consider what you're trying to accomplish. If you'll look at 
the components that make up stairs, you'll see some interesting opportunities. 


Master It How would you create a continuous tread that wasn’t monolithic? What 
would you do if you wanted to create a custom stringer? Are balusters always vertical 
and used to support handrails? What if your particular stair just can’t be modeled in the 
Stairs tool? 


Design railings and use the Railing tool for other model elements. From model patterns 
to geometric intricacy, there’s a lot that can be created with the Railing tool. When this 
doesn’t work, look to the Curtain Wall tool for “railings” that can contain space and allow 
“balusters” to be conveniently unlocked. 


Master It Why would you not use a railing to manage repetitive relationships? What if 
you need to accurately distribute geometry along a path? 


Implement best practices. There are specific best practices when creating custom stairs and 
railings. Pay attention to nesting geometry, maintaining the right level of detail, and filtering 
schedules so the metadata ends up in the right place. 


Master It Is it possible to create solutions that are too efficient? What’s the big deal with 
detail levels? And finally, what’s the most important thing to remember before creating 
an elegant workaround? 


Documentation 


Up to now, we've discussed how to create an Autodesk® Revit® Architecture model and use BIM 
to derive interesting forms, create parametric content, and perform analysis on your design. Part 
5 focuses on how to document those designs in the construction document phase and ultimately 
present those drawings to project stakeholders. 

We will walk through the process of creating detail views and 2D content (detailing); generating 
different types of plan views and sheets (documenting); and finally, how to add text, notes, and 
dimensions (annotating). 


@ Chapter 16: Detailing Your Design 
@ Chapter 17: Documenting Your Design 
@ Chapter 18: Annotating Your Design 





Detailing Your Design 


As you've seen so far, you can show information in Autodesk® Revit® Architecture software 

in a variety of ways, including 3D views, plans, sections, and elevations. In each of these cases, 
the geometry is typically modeled based on design intent, meaning that your goal isn’t to 
model everything but to model enough to capture the overall scope of the proposed building. 
To this end, it becomes necessary to embellish the model in specific views with more detailed 
information. These take the shape of 2D detail elements that you will use to augment views and 
add extra information. 


In this chapter, you'll learn to: 


Create details 


+ 


Add detail components to families 
@ Learn efficient detailing 


@ Reuse details from other files 


Creating Details 


If you are accustomed to using 2D CAD software applications to create drawings, you should 
first be aware of how the detailing process in Revit differs from CAD drafting. In Autodesk® 
AutoCAD® software, for example, you would create a new DWG file and then add lines, arcs, 
circles, hatch patterns, text, and dimensions to develop a detail. You might use blocks to 
combine repeatable elements to increase efficiency and maintain consistency. In Revit, you will 
create additional views within the project file, to which you might add 2D embellishment along 
with annotation and dimensions. Details can incorporate parts of the 3D model or can be empty 
views exclusive to 2D elements. 


View Types for Detailing 


Before we discuss the process of detailing, let’s review the fundamental views in which you can 
create details: detail views and drafting views. 


Detail Views Detail views are essentially subsets of the views we’ve discussed previously 
in this book such as plans, elevations, and sections. When you create a new section or callout, 
you can select Detail View from the Type Selector. The model is still displayed in a detail 
view, but you can set the Display Model view property to Do Not Display if necessary. 


Because you can use detailing tools in any view, we will refer to any view that displays the 
model as a detail view throughout the remainder of this chapter. 
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Refer to Chapter 2, “Applying the Principles of the User Interface and Project Organization,” 
for more information about the difference between callouts and detail views. 


Drafting Views Drafting views do not display model content. Instead, they are simply a 
blank canvas within which you can create details using only 2D elements such as lines, arcs, 
circles, or 2D families. Drafting views can be associated with sections or callouts, but those 
view references will display a reference label such as SIM (similar) or TYP (typical). You can 
customize the Reference Label value in the type properties of each view. 





Download and open the file c16-Sample-Building.rvt or cl16-Sample-Metric.rvt 
from this book’s web page (www. sybex.com/go/masteringrevitarch2016). 

From the Project Browser, activate the view Section 2, and you will see an overall section of 
the building. We will create a more detailed section callout of the exterior wall at the right side 
of the view. Let’s walk through the steps to generate this view: 


1. 


Switch to the View tab in the ribbon, locate the Create panel, and then click Callout > 
Rectangle. 


. Inthe Type Selector, change the view type to Wall Section. 


3. Sketch a rectangular region around the exterior wall at the right side of the building. 


© When you finish sketching the new callout, it should look like the section view shown in 


Figure 16.1. Double-click the callout head to activate the new view. 


. Inthe Properties palette, change the View Name to Wall Section North, set the Detail 


Level to Medium, and change the Scale to 1/2”=1’-0” (1:25). 


You have taken the first step toward creating the path from the overall down to the 
specific. From the plan and an overall section, you have created a wall section. Before we 
drill down even further, let’s break the view down in order to isolate only the transition 
conditions at floors and roof. 


Select the crop region in the wall section view and you will see a number of view break 
icons. Click one of the Horizontal View Break icons along either vertical edge of the crop 
region. 


You now have two crop subregions, but you will need to create one more. Select the crop 
region again, and then click and drag the grip at the bottom of the upper subregion to 
stretch it downward. Do not drag it too close to the lower subregion because it will rejoin 
the subregions back into the original crop boundary. 
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FIGURE 16.1 
Wall section callout 


added to building 


section view 


ark | B= | 
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8. Use the grips at the top edge and bottom edge of the three subregions to show the 
intersection conditions with the Level 1, Level 2, and Roof. 


9. Select the crop region once again, and you will see vertical double arrows at the middle of 
each subregion. Use these arrows to move the subregions closer together. 


The final result of this exercise should look like the image in Figure 16.2. 


FIGURE 16.2 
Wall section 
view broken into 
subregions 





Working with the Detailing Process 


Now that you have completed the setup of a detail view, we will discuss three different 
methodologies with which you can approach the detailing process: stand-alone detailing, 
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hybrid detailing, and model detailing. These are terms we invented to help you understand and 
plan your detailing efforts as your skills improve in the Revit environment. 


Stand-alone Detailing (Beginner) If you are relatively new to the Revit environment, 
you might choose to develop your details without any part of the 3D model serving the 
detail. In this scenario, you can use either detail views or drafting views; however, you may 
tend to use more of the latter. If you use detail views, the Display Model view property (in 
the Property Palette with the view selected) will most often be set to Do Not Display. This 
setting allows you to see the model components in a regular line weight, half tone, or not at 
all in a detail view. 


With a stand-alone detailing approach, you forfeit some ability to ensure your details 
accurately reflect the modeled condition. In a detail view, you may temporarily return the 
Display Model view property to Normal or Halftone, but you may be able to draft more 
comfortably using the blank canvas of an empty view. 


Hybrid Detailing (Intermediate) As you become more experienced with detailing in Revit, 
you may start to use a more balanced number of detail views and drafting views. With a 
hybrid approach you will maintain the model in any detail views and you will add detail 
components to embellish the 3D model. This approach tends to yield a more accurate rep- 
resentation of the intended design, but it will require more time and care to maintain as the 
model evolves throughout the design process. 


In Figure 16.3, you can see a detail view in which the Display Model view property has been 
set to Halftone. This illustrates the difference between what is modeled and what is a detail 
component. 


FIGURE 16.3 
Example of a detail 
view with embellished 
drafting 
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Model Detailing (Advanced) The most complex approach to detailing can also be the most 
efficient—once you become familiar with creating families and customizing your project 
templates. The approach we refer to as model detailing still involves the use of some detail 
components; however, they are embedded into model elements where applicable. For example, 
in a wood-framed structure, detail elements such as sill plates, studs, joists, or anchors can be 
embedded in wall type definitions. The details will display automatically when the walls are 
displayed in a section detail view. 


With any of these three methods we've described, there is a range in which you can use the 
model to help generate your details. You should plan your approach before you begin detailing 
in your project. As always, the more time you spend preparing your template content in the 
beginning, the less time you will need to develop your details later in the project. 


Detailing Tools 


Even when you're creating details, Revit has a variety of parametric tools to allow you to 
leverage working in a BIM environment. You can use these tools to create strictly 2D geometry 
or to augment details you are trying to create from 3D plans, sections, or callouts. To become 
truly efficient at using Revit to create the drawings necessary to both design and document your 
project, it’s important to become acquainted with these tools—you will find yourself using them 
over and over again throughout your process. 

All of these tools are located on the Detail panel of the Annotate tab. This small but very 
potent toolbox is what you will need to familiarize yourself with in order to create a majority 
of the 2D linework and components that will become the details in your project. To better 
demonstrate how these tools are used, let’s step through them to explain each one’s purpose. 
Note that some of the tools may not be available depending on the active view. For best results, 
make sure you have a plan or detail view active before continuing. 


Using the Detail Line Tool 


The Detail Line tool is the first tool located on the Detail panel of the Annotate tab. This tool 

is the closest thing you'll find to CAD drafting because it allows you to create view-specific 
linework using different line styles and it provides tools for drawing and manipulating different 
line shapes. 

Detail lines are view specific—they appear only in the view in which they’re drawn. They 
also have an arrangement to their placement, meaning that you can layer them underneath or 
on top of other objects. This is especially important when you begin using a combination of 
regions, detail lines, and model content to create your details. 

Using the Detail Line tool is fairly easy. Selecting the tool will change your ribbon tab to look 
like Figure 16.4. This new tab will have several panels that allow you to add and manipulate 
linework. 
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Certification 
Objective 


View 


There are three major panels on this new tab: Line Style, Draw, and Modify. Because of their 
use sequence (selecting the line type, creating the shape, and modifying the line), we’ll talk 
about them in order from right to left. 


Line Style This panel includes a drop-down menu that allows you to choose a line style 

in which to produce the linework in this view. The drop-down menu has all the default 
Revit line styles as well as any custom ones you might have made for your project or to 
accommodate office or client standards. The active line will be the one displayed in the drop- 
down window before it’s expanded. 


New line styles can be added at any time in the project, and many offices find it necessary to 
add custom line styles beyond the thin, medium, and wide ones available in Revit out of the 
box. To add more styles or to just see the complete list, choose Additional Settings from the 
Manage tab and select Line Styles. For more information about creating your own custom 
line styles, refer to Chapter 4, “Configuring Templates and Standards.” 


Draw The Draw panel contains a number of geometry tools to draw within the active view. 
The tools allow you to create lines, boxes, circles, splines, ellipses, and arcs. The last tool 

in the bottom row is the Pick tool. This tool allows you to select a line previously drawn or 
portion of a model element (say an edge) and add linework on top of the existing shape. 


Modify The Modify panel has several tools that you can use to modify any of the linework 
already placed within the view. The larger tools, from left to right, are Align, Offset, Mirror 
(axis), Mirror (line), Move, Copy, Rotate, and Trim. 


Using the Linework Tool 


Although not part of the Annotate tab, the Linework tool helps you make your detail composition 
more legible. Default settings for object styles and line weights will manage most of a view’s 
composition automatically, but you sometimes need to adjust a line or two to clarify a detail. The 
Linework tool allows you to modify the edges of model elements in a view-specific context. Note 
that this tool is not available in a drafting view because it works only on model elements. 

To use the Linework tool, switch to the Modify tab in the ribbon, locate the View panel, and 
click Linework. This will add the familiar Line Style selector panel at the end of the ribbon. 
Simply choose the line style you want to assign, and then select an edge of a model element. 
The edges you pick can be almost anything: cut lines of walls, families, edges of floor slabs, and 
so on. Selecting the edge of an element will change the default line style to the style you have 
chosen. To return an edge to its original line style, use the Linework tool again, but select <By 
Category> from the Line Style drop-down list. 

You can also choose to remove lines using this tool. By selecting the <Invisible Lines> line 
type, you can make some edges disappear. Use this method instead of covering unwanted lines 
with masking regions. 

Another great use of the Linework tool is to indicate the edges of overhead ceilings or floors 
in a floor plan view. To accomplish this task, set the Underlay property of the active view to the 
level where the ceiling, floor, or roof is associated. If necessary, set the Underlay Orientation to 
Reflected Ceiling Plan. Start the Linework tool, select an overhead line style, and then pick any 
edges you'd like to see in the floor plan view. When youre finished, set the Underlay property 
back to None, and not only will the lines you created with the Linework tool remain, but they 
will update if the overhead model object is modified. 
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Let’s use the Linework tool to continue our exercise with the wall section detail by following 
these steps: 


1. Switch to the Modify tab in the ribbon, locate the View panel, and then click the 
Linework tool. 


2. From the Line Style drop-down menu in the contextual tab of the ribbon, choose 
Medium Lines. 


3. As indicated in Figure 16.5, click the inside face and the outside face of the exterior wall. 
Also click the edge of the wall below the window sill. 


FIGURE 16.5 

Use the Linework 
tool to modify the 
cut lines of the wall 
element in a detail. 





ED Real World Scenario 


DOORS AND SYMBOLIC LINES 


In the architecture industry, doors are typically modeled in a closed position but shown as open and 
with a door swing direction in plan view. To get this dual representation, in the Family Editor turn 
off the visibility of the door panel (extruded solid form) in the plan view and draw the 90-degree 
open door panel and its swing using symbolic lines. Control this visibility in the family environ- 
ment using the Visibility settings explained in the next section of this chapter. 


Symbolic lines can be controlled using the same Visibility settings available for detail components 
and the solid model elements in the family. You can use the same logic and draw the dashed lines 
that represent the door-opening direction in elevations. 


Certification Using Filled Regions and Masking Regions 


Objecti : : : ; ; 
jecave = The next tool on the Detail panel of the Annotate tab is the Region tool, which contains two 
individual commands: Filled Region and Masking Region. Regions are two-dimensional areas 
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of any shape or size that you can fill with a pattern. This pattern (much like a hatch in AutoCAD 
software) will dynamically adjust based on changes to the region boundary. You can manipulate 
the draw order of regions in the same manner as detail lines. Regions also have a type property 
(Background) that can be set to Opaque (hiding the objects they are placed over) or Transparent 
(letting the elements below show through). 

Filled regions allow you to choose from a variety of hatch patterns to fill the region. These 
are commonly used in details to illustrate materials like rigid insulation, concrete, or plywood. 
Masking regions, on the other hand, do not include a fill pattern. Masking regions are typically 
used to “hide” or mask certain content from a view that you don’t want shown or printed. As an 
example, there might be a particularly detailed way in which two walls join and their materials 
overlap. In some cases, it doesn’t make sense to model that condition, and it makes more sense 
to use detail lines to describe the condition. Here you would need to mask a portion of the view 
so you can essentially draw over it with new content. 

When selecting the Region tool, you will be taken directly into Sketch mode, and you'll have 
a series of tools similar to those for drawing detail lines. The Draw panel allows you to create 
any number of shapes with all the associated tools to move, copy, or offset the linework. 

When creating either kind of region, it’s important to note that you cannot complete Sketch 
mode unless the boundaries you draw are in closed loops. You can create as many closed-loop 
boundaries as you want as long as they do not overlap and are all formed with closed loops 
(Figure 16.6). Notice in the figure that, in addition to the use of multiple closed loops, you can 
use any combination of line styles to draw the boundary of a region. 


FIGURE 16.6 
Multiple shapes 
within a single filled 
region 





Another consideration for using regions is the linework that borders a region. When starting 
the Region tool, you'll be able to choose the line style you want to use for the border of the 
region from the Line Style drop-down (similar to working with detail lines). You can change 
line styles for any of the segments of the region and even make them all different if needed. 

One especially useful segment line style is <Invisible Lines>. When drawn in Sketch mode, 
these appear as gray lines, but once the sketch is completed, they become invisible lines. When 
used with a masking region, this line style can create a completely invisible box that allows you 
to hide elements that are unwanted in a particular view. Figure 16.7 shows the same masking 
region in two instances, one selected and the other not selected. You can see how the masking 
region seems to disappear, covering the filled region. Use caution if you decide to use masking 
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regions with invisible boundary lines because you will not be aware of their existence unless 
you hover the mouse pointer over them. In the example shown in Figure 16.7, the end result can 
also be achieved by modifying the filled region and drawing two additional invisible lines. 


FIGURE 16.7 

A masking region 
selected and not 
selected 





Filled regions have slightly more options because, unlike masking regions, they let you 
control the parameters of the fill pattern. Filled region types are another type of Revit system 
family. A region type created in one view can be used in any other view, and modifying the 
type properties of a region in one view changes it in all the other views. 

Figure 16.8 shows the list of filled region types from one of our office templates. You'll notice 
that many of the region names are indicative of various materials. Instead of naming the filled 
region types according to their graphic properties, such as Diagonal-Up, it’s a good idea to use 
the identity parameters such as Type Mark and Assembly Code to help extend the effectiveness 
of even 2D detail elements. 


FIGURE 16.8 
Selecting a filled 
region type from the 
Type Selector within 
the Properties palette 





Filled region 
02 Base Course 
02 Drainage Fill 
02 Earth 
02 Earth Backfill 


03 Cementitious Topppings 


| 103 Concrete | 


03 Concrete - opaque 


03 Concrete light 

03 Grout 

03 Precast Concrete 

04 Brick 

04 Cast Stone 

04 Concrete Masonry Units 
04 Cut Stone 

04 Glass Block 

04 Sand (in section) 
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STANDARDIZING TYPE NAMES FOR FILLED REGIONS 


Having some sort of naming convention applied to your filled region types can help you organize the 
Type Selector in a way that is easy for the project team to understand. You'll notice in Figure 16.8 
that we've organized the region names around a two-number MasterSpec division prefix. Because 
MasterSpec is tied to the keynoting system as well, project teams tend to be familiar with the naming 
convention. This approach also keeps similar material types together rather than all of the materi- 
als being sorted alphabetically. Take Concrete and Precast Concrete as an example. You can see in 
Figure 16.8 that those material types are very close together in the drop-down list based on their prefix. 


The filled regions also have additional properties. By highlighting any placed region, you can 
open its type properties from the Properties palette by clicking Edit Type (Figure 16.9). These 
properties allow you to control the fill pattern, background opacity, line weight, and color of the 
region. Remember that these properties are by type, so if you want a region that is opaque and 
then decide you also want one that is transparent, you'll need to create another type. 


FIGURE 16.9 
Type properties fora 
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As we discussed in Chapter 4, filled regions can use either a drafting pattern or a model 
pattern. Refer to Chapter 4 for instructions on how to create a custom fill pattern. For now, let’s 
review the process of creating a new filled region type. 


CREATING A NEW FILLED REGION TYPE 


To create a new filled region type, begin by duplicating an existing region and then modify its 
properties. Follow these steps to get started: 


1. Switch to the Annotate tab in the ribbon, and on the Detail panel click Region > Filled 
Region. Click the Edit Type button in the Properties palette. 


2. Click Duplicate in the Type Properties dialog box. 


3. Name your new region Earth Fill, and then click the button in the Fill Pattern field to 
open the Fill Pattern dialog box. 


4. Make sure you have Drafting selected at the bottom of the Fill Patterns dialog box. Select 
the pattern named Earth. 


Note that you can create filled region types with model patterns; however, you 
must make sure the region types are named clearly so you can recognize the 
difference between similar regions. For example, the filled region you would 

use to indicate brick masonry in a section is a drafting pattern (diagonal hatch), 
whereas a brick surface pattern is a model pattern and can be used in an elevation 
or plan view. 


5. When you finish, click OK until you exit all the dialog boxes. The same region patterns 
that you created for a filled region can also be associated with material surfaces or cuts by 
accessing the Materials dialog box from the Manage tab in the ribbon. 


PLACING A FILLED REGION 


Now that you have created a new filled region type, let’s add a region to the detail and explore 
how different boundaries can be used to create unique graphics without separate linework. If 
you continue from the previous exercise, the Filled Region command will still be active. If not, 
switch to the Annotate tab of the ribbon, locate the Detail panel, and then click Region > Filled 
Region and follow these steps: 


1. Inthe Line Style panel in the ribbon, select Wide Lines from the drop-down menu. 


2. Inthe Draw panel of the contextual tab in the ribbon, select the Line tool and then sketch 
an area to the right of the slab edge at the bottom of the detail view. Use the image in 
Figure 16.10 as a guide. 


3. After you complete a closed loop of lines, hold down the Ctrl key while selecting the lines 
to the right and below the top line of the sketch, as shown in Figure 16.10. With multiple 
lines selected, go back to the Line Style drop-down menu in the ribbon and choose 
<Invisible Lines>. 
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FIGURE 16.10 | 
Set some sketch | 
boundary lines to be | 
invisible. 





4. Click the green check mark in the ribbon (Finish Edit Mode). The resulting filled region 
will look similar to the image shown in Figure 16.11. 


FIGURE 16.11 

The completed filled 
region added to the 
detail 





The sketch line in the filled region boundary that is coincident with the edge of the slab 
should be of the same line weight as the setting for the slab. In this sample file, both 
Floors and Wide Lines are set to a line weight of 5. 


Certification 
Objective 
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Adding Detail Components 


Another important tool for detailing is the detail component—a family that consists of 
exclusively 2D geometry. You can schedule detail components, tag them, and assign keynotes. 
Because they are families, they can also be stored in your office library and shared easily across 
projects. 

To add a detail component to a view, select Detail Component from the Component drop- 
down list located on the Annotate tab, and use the Type Selector to choose from components 
that are already loaded into the model. If you don’t see a detail component you want to insert 
in the Type Selector, click the Load Families button in the contextual tab of the ribbon, and load 
one from the default library or your office library. 

Remember, in the Autodesk default family library, detail components are stored in the 
Detail Items folder, under which the folders are organized according to MasterFormat or a 
similar standard coding system. Many building objects are represented in the default library 
with detail components. For example, if you are looking for a detail component representing 
a steel beam, don’t look in the library under Structural Framing—instead look in the Detail 
Items folder. 


ADDING DETAIL COMPONENTS AND EMBELLISHING THE VIEW 


We have preloaded some detail component families into the sample building project you 
downloaded earlier in this chapter. Use the following components to further embellish the bottom, 
middle, and top portions of the wall section (the metric equivalents may have an M_ prefix): 


@ Base Molding - Section 
@ Nominal Cut Lumber - Section 
@ Corrugated Wall Tie - Section 


These detail components are all specifically designed to be used in a section detail. There are 
other similar detail components in the default library that can be used in a plan detail or when 
the object is to be shown from the side. An example of some detail embellishment is provided in 
Figure 16.12. 

You might notice that there are only three types loaded for the detail component family 
named Nominal Cut Lumber - Section. What if you need to load more types from that same 
family? This scenario occurs sometimes when you use families that have a type catalog. Refer 
to Chapter 14, “Designing with the Family Editor,” for more information about families and 
type catalogs. 

To reload a family for access to additional types within the family, one option is to start the 
Detail Component tool again, click Load Family, and find that family in the library. A simpler 
solution is to locate the family in the Project Browser (the Families branch is toward the bottom), 
right-click the family name, and then choose Reload from the context menu. If the family’s 
source file (RFA) is available and the family has an associated type catalog, the Type Catalog 
dialog box will appear and allow you to select additional types to be loaded into the project. 

Follow these steps: 


1. Inthe Project Browser, expand the Families branch of the tree, locate and expand the 
Detail Items branch, and then locate Nominal Cut Lumber-Section or M_Nominal Cut 
Lumber-Section. 
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FIGURE 16.12 
Detail components 
have been added to 
the detail view of the 
model. 
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2. Right-click the family name and select Reload from the context menu. 


Note that you may be prompted to select a family file if the original RFA file cannot be 
located. In that case, we have provided the RFA and the accompanying type catalog in 
TXT format along with this chapter’s exercise downloads. 


3. Select the types 2 x 10 and 2 x 14 (50 x 200 mm and 50 x 300 mm) from the Specify Types 
dialog box, as shown in Figure 16.13, and then click OK. 





FIGURE 16.13 
Select types to be 
loaded from a family 
type catalog. 
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4. Use the additional types to continue adding detail components to the view within the 
floor element at the middle of the detail view. 


ARRANGING ELEMENTS IN THE VIEW 


So far you have created all of the content in order and have not had to change the arrangement 
of any of the elements. However, knowing how to change the arrangement is an important 
part of detailing, so you don’t have to draw it all in exact sequence. Arrangement allows you 
to change the position of an element, such as a line or a detail component, relative to another 
element. Much like layers in Adobe Photoshop or arrangement of objects in PowerPoint, Revit 
allows you to place 2D elements in front of or behind others. You'll see the Arrange panel on 
the far right once an element or group of elements is selected and the Modify menu appears 
(Figure 16.14). 


FIGURE 16.14 
The Arrange panel 5H Sh 


Bring to Send to 
Front Back 


r 


Arrange 





From here, you can choose among four options of arrangement: 


Bring To Front This brings the selected objects all the way to the front of the stack. In 
Figure 16.15, there are two detail lines on top of a masking region, which is also on top of a 
filled region. By selecting the detail lines and choosing Bring To Front, we moved the lines on 
top of all the other elements. 


FIGURE 16.15 
Bring To Front 
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Bring Forward This option brings the selected elements one step closer to the front in 
a given sequence. In Figure 16.16, we’ve selected the masking region and chosen Bring 
Forward, and now it appears on top of one of the detail lines. Note that each of the detail 
lines is its own layer within this stack. 


FIGURE 16.16 
Bring Forward 





Send To Back This option does the exact opposite of the Bring To Front tool and will send 
an object all the way to the back of the stack. In Figure 16.17, we’ve chosen the masking region 
again and sent it to the back. 


FIGURE 16.17 
Send To Back 
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Send Backwards The fourth option, Send Backwards, will step the selected elements one 
step backward in the stack. In Figure 16.18, we’ve chosen the horizontal detail line and sent it 
backward; it now appears behind the filled region. 


FIGURE 16.18 
Send Backwards 





Certification Repeating Detail Component 
Objective . : : . ; 
Repeating elements are common in architectural projects. Masonry, metal decking, and wall 
studs are some common elements that repeat at regular intervals. The tool to help create and 
manage these types of elements is called the Repeating Detail Component, and it’s located in the 
Component flyout on the Annotate tab (Figure 16.19). 





FIGURE 16.19 | 
Choosing Repeating 
Detail Component | 
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This tool lets you place a detail component in a linear configuration where the detail 
component repeats at a set interval. This allows you to draw a “line” that then becomes your 
repeating component. The default repeating detail is common brick depicted in section, 
repeating in regular courses (Figure 16.20). Creating elements like this not only lets you later tag 
and keynote the materials but also gives you some easy flexibility over arraying these elements 
manually. 


FIGURE 16.20 
A brick repeating 
detail 





BEWARE THE LIMITATIONS OF REPEATING DETAIL COMPONENTS 


Before you decide to use the Repeating Detail Component tool in any of your details, you should 
be aware of its limitations. Although repeating detail components can be scheduled, they cannot 
be tagged or assigned a keynote as you would for a simple detail component. If your annotation 
methodology relies on tags and/or keynotes, we recommend you avoid the use of repeating detail 
components. Instead of the repeating detail component, you can use a single detail component and 
then use the Array command. 


Before you create a repeating detail component, we'll cover the properties behind one so 
you can get a better idea of how they work. Start the Repeating Detail Component command 
and draw a sample line using the Brick type. Exit the command by pressing Esc or clicking the 
Modify button, and then select the Brick repeating detail. In the Properties palette, click Edit 
Type to open the Type Properties dialog box. 
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Let’s review what each of these settings does: 
Detail This setting allows you to select the detail component to be repeated. 
Layout This option offers four different modes: 


Fixed Distance This is the absolute spacing between components, for example, a strictly 
defined center-to-center measurement. 


Fixed Number This mode sets the number of times a component repeats itself in the 
space between the start and endpoint (the length of the sketched path). 


Fill Available Space Regardless of the value you choose for Spacing, the detail compo- 
nent is repeated on the path using its actual width as the Spacing value. 


Maximum Spacing The detail component is repeated using the set spacing, and the 
number of repeated components is set so that only complete components are drawn. 
Revit creates as many copies of the component as will fit on the path. 


Inside This option adjusts the placement of the last detail component in the repeating 
detail. If Inside is selected, the last component will be drawn inside the end point of the 
repeating detail line. If Inside is not selected, the last component will be drawn outside or 
overlapping the end point of the line. 


Spacing This option is active only when Fixed Distance or Maximum Spacing is 
selected as the method of repetition. It represents the distance at which you want the 
repeating detail component to repeat. It doesn’t have to be the actual width of the detail 
component. 


USING FORMULAS TO PERFORM MATH 


In the example of the imperial brick, you have a distance of 2-2/3” vertically between bricks stacked 
in a wall. Because there are three brick courses in every 8” (225 mm is standard in the UK), you 
don’t need to know the exact distance between each brick—you can use Revit to calculate that 
value. Revit is formula driven, so you can enter = 8’/3 in the Spacing field and it will calculate the 
distance for you, similar to using a formula in Microsoft Excel. 


Detail Rotation This option allows you to rotate the detail component in the repeating 
detail. 


In the c16-Sample-Project file, we have already created a repeating detail to illustrate 


brick and mortar coursing. At the base of the exterior wall, you will see that a portion of the 
modeled wall assembly already contains a layer assigned with a brick material; however, 
individual brick courses are not shown. Let’s embellish the view with a repeating detail 
component to better communicate the design intent. 


1. Zoom closer to the bottom portion of the detail view, at the base of the exterior wall. From 
the Annotate tab in the ribbon, locate the Detail panel, and click Component > Repeating 
Detail Component. 
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2. From the Type Selector, choose the Brick repeating detail type. Starting at the bottom 
of the inside face of the brick layer, draw a line up to the bottom of the window sill, as 
shown in Figure 16.21. 


FIGURE 16.21 

The brick repeating 
detail component 
applied to the view 
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If the last brick detail does not appear at the top of the sketched line, you can either drag 
the line farther up or edit the type properties of the repeating detail family and toggle the 
Inside parameter. 


3. Press the Esc key or click the Modify button to exit the Repeating Detail Component 
command. Select the corrugated metal wall tie components you placed in the Detail 
Components exercise. Hold down the Ctrl key while clicking each component. 


4. From the Arrange panel in the contextual tab of the ribbon, click Bring To Front. If 
necessary, you can use the arrow keys on the keyboard to nudge the wall tie components 
so that they display in proper relation to the mortar lines of the repeating brick detail 
(Figure 16.22). 


Although this detail still needs annotations before you can think about placing it onto a 
sheet, you can begin to see how you have used the 3D geometry of the model and were able 
to quickly add some embellishment to it to create a working project detail. For now, save this 
detail. You'll return to it later in the chapter. 
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FIGURE 16.22 
Adjust the draw 
order and position 
of previously placed 
detail components. 
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Using Line-based Detail Components 


Although there isn’t a command dedicated to line-based detail components, this category of 
2D elements can be quite powerful. As their name suggests, line-based detail components are 
2D elements that behave like lines. Some examples of building elements you can illustrate 
with these components include waterproofing, gypsum board, plywood, and even repeating 
elements such as brick. Why would you use a line-based detail component for brick instead of 
a repeating detail component as we previously discussed? Because you can tag and schedule a 
line-based detail component. 

You can use any modifying commands on line-based detail components such as Trim, 
Extend, and Align. Unfortunately, you can only draw these components in straight lines; 
therefore, you will need to decide whether it is more important to have tagging and scheduling 
capability or the ability to draw curved shapes. 

In the default content library you will find components in the Detail Items folder such 
as Gypsum Wallboard, Rigid Insulation, and Drainage Board. Start the Detail Component 
command, click Load From Library, and load a few of these families. In a detail view, practice 
drawing these elements to embellish the modeled design further. 


Drafting Insulation 
The best way to think of the Insulation tool is as a premade repeating detail. You'll find this tool 
on the Detail panel of the Annotate tab. 

Selecting this tool allows you to draw a line of batt insulation, much like a repeating detail. 
Figure 16.23 shows a typical line of insulation. 
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When selecting the Insulation tool, you can modify the width of the inserted insulation 
from the Options bar or the Properties palette. In the Properties palette, you can also control 
the Insulation Bulge To Width ratio, which adjusts the amount of curve in the insulation. The 
default value is 2.0. By default, insulation is inserted using the centerline of the line of batt, but 
you can control the offset in the Options bar once the tool is activated. You can also modify the 
width either before or after inserting insulation into your view. 

Let’s continue to embellish the wall section view in the c16-Sample-Project file. Follow 
these steps to begin adding insulation detail components: 


1. From the Annotate tab in the ribbon, click the Insulation tool. In the Options bar, set the 
Width value to 5” (150 mm) and the Offset to 0” To Center. 


You can customize the Offset value depending on how you would like to sketch the 
insulation by drawing the line representing the center of the insulation or either edge. 


2. Within the wall assembly, hover the mouse pointer at the midpoint of one of the nominal 
wood framing detail components you placed previously in this chapter. Use the midpoint 
snaps of the framing components to set the start point and end point of the insulation 
component. 


3. Continue to add insulation components in the remaining wall, floor, and roof structure 
layers in the detail view. 


A sample of the result is shown in Figure 16.24. 


Creating Detail Groups 


Detail groups are similar to blocks in AutoCAD and are a quick alternative to creating detail 
component families. They are collections of 2D graphics and can contain detail lines, detail 
components, or any other 2D elements. You will probably want to use a detail component to 
create something like wood blocking; however, if you plan to have the same configurations 
of wood blocking in multiple locations, you can then group those configurations and quickly 
replicate them in other details. As with blocks in AutoCAD, manipulating one of the detail 
groups will change all of them consistently. 

There are two ways to make a detail group. The more common one is to create the detail 
elements you'd like to group, select all of them, and then click the Create Group button in the 
Create tab of the contextual tab of the ribbon. When you're prompted for a group name, use a 
naming convention that will help you organize and recognize the contents of each group rather 
than accepting the default name (Group 1, Group 2, and so on). 
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FIGURE 16.24 
Insulation detail 
components added to 
the wall section 





The other way to create a detail group is by clicking the Create Group button in the Detail Group 
flyout on the Annotate tab (Figure 16.25). You will then be prompted for the type of group (Model 
or Detail) and a group name before you can select any elements for the group. If you are working in 
a drafting view, you can only create a detail group; the Model option is inactive in this case. 


FIGURE 16.25 r T i 
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After defining a group name, you'll be taken into Edit Group mode. Your view will have a 
yellow transparency overlaid on top of it, and elements within the view will appear gray. To 
add elements to the group, click the Add button in the Edit Group panel (Figure 16.26). Here you 
can also remove unwanted elements from your group. When you finish, simply click the Finish 


green check mark. 
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You can place any group you've already made using the Place Detail Group button from the 
Detail panel of the Annotate tab (Figure 16.27) and selecting the group from the Type Selector. 
You can also drag and drop any group from the Project Browser into the active view. 


FIGURE 16.27 Pe een Grans 
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DETAIL COMPONENTS AND PROJECT TEMPLATES 


If you find you are inserting the same detail components over and over again, load them into your 
project templates and make them readily available when you begin any new project. 


Adding Detail Components to Families 


You have read in this chapter about the number of ways you can embellish a 3D model with 2D 
detailing. We have discussed how to add detail elements as needed in the project environment, 
but you can also include 2D elements inside families. The possibilities for this method are 
almost limitless. You can add any kind of symbolic lines to 3D families, but in this section we 
will focus on nesting a detail component in a profile family, which will then become the basis 
for the curtain wall mullions in the sample project. 

A more detailed review of curtain wall modeling is provided in Chapter 12, “Creating Walls 
and Curtain Walls.” For now, we will simply edit the mullions already provided in the sample 
building project to add some 2D detailing. Let’s get started by following these steps: 


1. Continue working with the c16-Sample-Building.rvt orc16-Sample-Metric 
.rvt file you downloaded from this book’s web page. In the Project Browser, locate and 
activate the section view named Section At Curtain Wall. It is located under the Sections 
(Wall Section) branch of the Project Browser. 


2. In the Project Browser, expand the Families branch, locate and expand the Profiles 
branch, and then right-click Pr-Mullion-Horizontal or M_Pr-Mullion-Horizontal. Choose 
Edit from the context menu and the mullion profile family will open. 


The basic reference planes and profile lines have already been created. 


You should already have downloaded the RFA files included with this chapter’s exercise 
files. Among them are a series of detail components that represent the internal extrusion 
details of the mullions in the sample project’s curtain wall system. 


3. From the Create tab in the ribbon, click the Detail Component command. Browse to the 
location where you downloaded this chapter’s exercise files and load the file named 
Kawneer-1600-Sysl1-Horizontal.rfa or M_Kawneer-1600-Sysl1-Horizontal.rfa. 
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4. Place the detail component to fit exactly within the profile boundary. 


You may need to rotate the component before placing it by pressing the spacebar. The 
result should look like the image in Figure 16.28. 
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Detail component a 

added to the profile Width = y -2 ue 
family 





(CL to back = 0'- 4 1/2" 


=0'-1 


CL to front 


5. Click the Modify button and then select the detail component you just placed in the view. 
From the contextual tab in the ribbon, click Visibility Settings. In the Family Element 
Visibility Settings dialog box, uncheck the Coarse and Medium settings. The only setting 
that should be checked is Fine. Click OK to close the dialog box. 


6. Click the Load Into Project button from the ribbon and load the revised profile family 
into the sample building project file. When prompted, select the option to override the 
existing version. 


7. From the View tab in the ribbon, locate the Create panel and click Callout > Rectangle. In 
the middle portion of the wall section, sketch a rectangle around the mullion near the top 
of the floor associated with Level 2, as shown in Figure 16.29. 





FIGURE 16.29 
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8. Double-click the callout head to activate the callout view. In the Properties palette or the 
view control bar, change the View Scale to 3”=1-0” (1:5) and set Detail Level to Fine. 


After you have made these changes, you will see the nested detail component appear in 
the curtain wall mullion, as shown in Figure 16.30. 
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FIGURE 16.30 

The nested detail 
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9. Repeat the steps in this exercise for the head and sill mullion families. Edit the profile 
families listed here (starts with Pr-Mullion) with the associated detail components (RFA 
files) or their metric equivalents: 


Pr-Mullion-Head > Kawneer-1600-Sys1-Head.rfa 
Pr-Mullion-Sill > Kawneer-1600-Sys1-Sill.rfa 


The detail components we used for this sample exercise were excerpted from real 
manufacturer’s content that is available for free from the Kawneer website (www. kawneer . com). 
Complete curtain wall system components for Revit are also available from their website. 

You might have noticed that the curtain wall modeled in this chapter’s sample building is 
somewhat simplified. For example, the portion of the glass panels inside the mullions is not 
modeled; however, this condition appears in the detail component once you get down to a fine level 
of detail. This exercise illustrates a hybrid approach to the balance between modeling and detailing. 
If you download one of the Revit models from the Kawneer website (one sample, ASCMDDH3a. dwg, 
is provided with this chapter’s downloaded content), you will see that the glass panels are more 
accurately modeled to include the mullion bite (Figure 16.31). In that scenario, you would not need 
to include masking regions to simulate the glass panel in the mullion detail component. 


FIGURE 16.31 

More detailed 
modeling will require 
less detailing. 





REUSING DETAILS FROM OTHER FILES) 729 


LEARNING EFFICIENT DETAILING 


As you get more practice creating details in Revit, you'll find certain workflows support more flex- 
ibility and speed. Here are some tips to keep in mind when creating your details: 


@ Ifyour modelingis reasonably detailed to begin with, the detailing will go much faster because 
you will need to add fewer components. However, you must strike a balance and not make an 
overly detailed model because that would negatively impact performance. When wondering 
what to model or what to make into a detail component, ask yourself the following questions: 


@ WillI see or use this in other views in the project? 
@ Willit affect other aspects of the project (like material takeoffs)? 
@ Howlarge is it? (Our office tends to use 2D detailing for details 1 1/2” (40 mm) and smaller.) 


@ ‘There is no limit to how much information you can place in a detail component. If you will be 
seeing similar conditions throughout the model, put in as much as you can. 


@ Youcan use detail components at every scale within the model, so it is a great way to draw the 
information only once. 


If the lines describing small components seem to merge when printed, there’s little point in showing 
that geometry at that scale. You might consider making the model simpler. 


Reusing Details from Other Files 


As you develop details of common building features, you will likely find the need to reuse this 
content in future projects. You might even have an existing library of details that were created in 
a CAD application. In either situation, there are tools and commands available in Revit software 
that allow you to maximize the usage of the material you produce over time. 


Using CAD Details 


It is quite common to have details that were originally created in a CAD program. Sometimes 
these are details taken from a manufacturer’s website, and sometimes they can be details drawn 
in other projects or from an office library, and you simply want to reuse them in your project 
rather than re-create them. Regardless of where they originated, you have the ability to work 
with 2D detail elements and import or link them into the model for use in your project. 

In Chapter 7, “Interoperability: Working Multiplatform,” we provide detailed guidance on 
using linked DWG files for the basis of project details. 


ED Real World Scenario 


TIPS ON IMPORTING CAD DETAILS 


At times in the project, your workflow will necessitate using 2D information from a past proj- 
ect, a manufacturer's library, or another resource in your current Revit project. To optimize 
the performance of your imported CAD files within your model, we recommend that you take 
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some steps to prepare the CAD file before import. Here are some general tips to help your 
import process: 


@ Ifthe file you'd like to import contains hatches or annotations, delete them before importing 
and use filled regions and the Revit Text or Keynote tool for annotations. This will help keep 
your graphics consistent (in the case of hatch) and allow you to edit the verbiage and location 
of any notes. 


@ Import only one detail at a time so you can take better advantage of the software’s ability to 
manage sheet referencing. If you have a series of details organized in a single CAD file that 
you want to use in documenting your project, isolate each detail, save it as a separate file, and 
then import it. 


@ Make sure you import the CAD details using the proper line weights, colors, and styles. Check 
your CAD file before importing into your Revit project to make sure it is consistent with your 
office’s standards. 


@ Iftheimported geometry is something you really want or need to edit, it’s better for your model 
and overall file size to import the CAD file into a detail component (if it’s 2D) and explode it 
and edit it in the Family Editor. This way, when you import it into your project file, it is stilla 
single object rather than thousands. 


@ Revit software doesn’t allow line segments shorter than ~%2” (0.8 mm). Although this is seem- 
ingly a very small line, many manufacturer details have small segment lines in them. When 
CAD details are exploded, those short lines will be deleted and can leave your linework looking 
incomplete. 


For additional tips on leveraging CAD data, refer to Appendix B, “Tips, Tricks, and Troubleshooting.” 


Using Details from Other Revit Projects 


As we begin to discuss the reuse of detailing content, we must return to the three methodologies 
introduced at the beginning of this chapter—stand-alone detailing, hybrid detailing, and model 
detailing. As you approach a project with more detailed modeling, you will reduce the amount 
of drafting needed in the project environment; however, you will be less able to reuse content 

as standard details or detail templates. This is because the best way to reuse 2D content is with 
drafting views. 


THERE’S AN APP FOR THAT 


If you have many details in DWG format that you would like to quickly import to a project file, a few 
add-ins are available to automate the process. One example is the Detail Link tool that is part of 
the Revit Express Tools suite that Cad Technology Center developed. This tool allows you to select 
multiple DWG files and import each one to its own drafting view in Revit. You can learn more about 
the Detail Link tool from the website www. cadtechnologycenter .com and the Autodesk Apps 
Exchange (apps .exchange.autodesk. com). 
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SAVING A SINGLE DETAIL 


If you are working in a detail view of the model or a drafting view, you can save all of the 2D 
elements to an external file for reuse in other Revit projects. In the case of a single 2D detail, it 
can be quick work to get the file from one project to the next: 


FIGURE 16.32 
The Save Group dialog 


box 


1. 


Open the file with the detail you'd like to collect, and activate the view in which this 
detail appears. Select all the 2D geometry and annotation within the drafting view, and 
create a group using the Create Group button on the contextual tab of the ribbon. 


Note that if you are in a callout or detail view in which model elements are displayed, 
two groups will be created—a model group and a detail group. 


Give the group a name, making sure the name is unique enough not to overlap with any 
view names in your current project or the project you're going to import into. 


With the detail grouped and named, expand the Groups node in the Project Browser. 
Now, expand the Detail Group node and find the group you just created. Right-click the 
group and choose Save Group from the context menu. 


As part of the Save As process, you'll get the Save Group dialog box (Figure 16.32). This 
will allow you to create a separate RVT file for your group—basically a stand-alone 
project file. Save the group in a location where you'll be able to find it again and close 
your project file. There’s no need to name the group because the new file will reflect the 
group name. 
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We have created a sample file using this method for use in the remainder of this exercise. 
Make sure you download the file c16_JambDetail.rvt from the book’s companion 
web page. 
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5. Continue with the sample building project file saved from the previous exercises in this 
chapter. 


6. From the View tab, click Drafting View to create a new view, and name it JAMB DTL. 
The scale does not matter because it will inherit the scale of the imported detail. 


7. From the Insert tab of the ribbon, choose Insert From File and then Insert 2D Elements 
From File. 


8. In the Open dialog box, navigate to and select the c16_JambDetail.rvt file. You will 
then see the Insert 2D Elements dialog box, which is shown in Figure 16.33. Highlight 
Drafting View: JAMB DTL from the list box, and select the Transfer View Scale check box. 
Click OK to close the dialog box and begin the import. 
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9. Click anywhere in the drafting view to place the imported elements, and then click the 
Finish button in the ribbon to complete the command. 


SAVING MULTIPLE DETAILS 
As you create more details in Revit projects, you will inevitably want to save some of them to an 
office library or some sort of localized resource so you can quickly locate the good ones again. 
Revit allows you to selectively save multiple views from a single project into a separate, stand- 
alone file. This workflow will work for both 2D and 3D content. 


REUSING DETAILS FROM OTHER FILES! 733 


A quick way to get any view with 2D elements isolated to an external file is to right-click the 
view in the Project Browser and choose Save To New File from the context menu. Note that this 
option is not available for any view that does not contain 2D detail elements. It might take the 
software a few moments to compile the view content, but you will be presented with a dialog 
box asking you to locate the new file. Once the view is exported, it functions like any other 
RVT file. You can open these new views directly and edit or manipulate any of the content or 
elements within the file. You'll also see a streamlined version of the Project Browser having only 
the nodes that relate to the content you've exported. 

Another way to export multiple views is to click the Application menu and choose Save As > 
Library > View. This command allows you to save multiple views into a single RVT file that acts 
as a library for those views. Here are the steps: 


1. Start by opening the file with the views you want to save. Click the Application menu and 
select Save As > Library > View. 


2. This will give you the Save Views dialog box (Figure 16.34). It will show a list of view 
names on the left and a preview window on the right. Click the check box for each of 
the views you want to save into a separate file. Once you have all your view names 


established, click OK. 
FIGURE 16.34 
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The software might take a few moments to export the views, depending on how many you've 
chosen and how large the overall file size is. Once the process is complete, you'll have a separate 
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file to import those views back into Revit projects. This import process is just as simple as 
exporting. Here’s how to import the views: 


1. Open the project where you want to put the imported views. From the Insert tab on the 
ribbon, choose Insert From File and then Insert Views From File. 


2. The new dialog box will look similar to the Save Views dialog box. You will have a list of 
the views you can import from the column on the left and a preview of those views on 
the right. Check the box for the views you want to import and click OK (Figure 16.35). 
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You can also import entire sheets of details using this method. If sheets exist in the file you 
have selected with the Insert Views From File command, they are listed as options to insert. 
When sheets are inserted, the details placed on each sheet are automatically imported into the 


project as well. 


The Bottom Line 


Create details. Details in Revit are a combination of 2D elements layered on top of 3D 
model elements or sometimes just stacked on top of each other. Creating good, easy-to-read 
details typically requires some embellishment of the 3D model. 

Master It What are the three primary categories of detail elements and how are 

they used? 
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Add detail components to families. You can make creating details in Revit easier by 
adding some of the detail elements directly to the family. In this way, when you cut sections, 
make callouts, or enlarge plan conditions, your “smart” details can begin to construct 
themselves. 


Master It Because you don’t always want elements to appear in every scale of a view, 
how can you both add detail elements to your families and still limit the amount of infor- 
mation that is shown in any given view? 


Learn efficient detailing. As you master detailing in Revit, you'll begin to learn tips and 
tricks to make your process of creating details more efficient. 


Master It ‘To help you assess how much effort you should be putting into your details, 
what are three questions you should be asking yourself before starting any detail? 


Reuse details from other files. In many project workflows, you will need to incorporate 
details from other projects. Reusing these details can aid in the speed and efficiency of 
project documentation. 


Master It There are several ways to reuse details from other projects. Name one and 
list the steps to perform the tasks necessary to quickly move a detail from one project to 
another. 


Certification 
Objective 


Chapter 17 


Documenting Your Design 


While the industry continues to move toward a 3D building information model as a 
construction deliverable, today we still need to produce 2D documents for a construction 
document set or design reviews. Using the integrated documentation tools in Autodesk® Revit® 
Architecture software, you can create these sets with more accuracy and reliability than in the 
past. In this chapter, you will take the elements you have previously modeled and detailed and 
begin to create the documentation for your design. 


In this chapter, you'll learn to: 
@ Document plans 
@ Create schedules and legends 


@ Lay out sheets 


Documenting Plans 


In this chapter, we’ll introduce a scenario that will mimic what might happen on a real project 
in a preliminary design phase. We are going to assume that you'll be using the c17-Sample- 
Building-Start.rvt or cl17-Sample-Metric-Start.rvt model from the book’s web page: 
www. sybex.com/go/masteringrevitarch2016. 

Here’s the story: You have recently completed some preliminary design work in advance of 
your upcoming client meeting. You'll need to lay out the plans, elevations, and perspectives on 
some presentation sheets for the meeting, but you'll also have to include some building metrics, 
such as area plans and schedules of overall spaces. 

In the following sections, you'll start with the area plans. For the purposes of program 
verification, you have decided you need to establish the spatial areas for the building so the 
client can get some preliminary pricing from the contractor. Before you create your area plans, 
we'll discuss some of the various ways you can calculate areas in Revit. 


Calculating Space Using Room Objects 


The simplest way to calculate the space in a building design is to use room objects. Room tags 
can be used to report room name, department, area, and any of the other properties of a room. 
These properties can also be scheduled to report the total area of all rooms within a design. With 
rooms, however, the areas that they report are limited to how those spaces are defined. With the 
c17-Sample-Building-Start.rvt or cl17-Sample-Metric-Start.rvt model open, choose 
the Architecture tab, and then access the expanded panel under the Room & Area panel. Click 


738 |CHAPTER17 DOCUMENTING YOUR DESIGN 


Certification 
Objective 


Area And Volume Computations, which opens the Area And Volume Computations dialog box. 
You will see the options for room area computation in the project. The choices are as follows: 


@ At Wall Finish 

@ At Wall Center 

@ At Wall Core Layer 
@ At Wall Core Center 


Because each of these settings affects the entire project, a level of consistency is ensured for 
room calculations; however, the global nature of the settings makes it difficult to use the room 
objects for gross area calculations. Room calculations can give you an accurate net area—or carpet 
area—that refers to the area between the finished wall surfaces considered as occupied space. 
This value can also be reported in the room tag or schedule by selecting the first choice, At Wall 
Finish, from the Area And Volume Computations dialog box. Select this option and click OK. 

Let’s see how this is reflected on the floor plans. Activate the Level 2 floor plan. In this view, 
we have already established the rooms and added room tags; however, the tags do not show the 
room areas. To modify this setting, follow these steps: 


1. Select any of the room tags, and from the Properties palette, choose Edit Type. 


2. Inthe Type Properties dialog box, choose the Show Area check box. Click OK to exit the 
dialog box. 


Now you should see the areas reflected in the room tags, as shown in Figure 17.1. This 
is because the Show Area setting was created as a Yes/No type parameter assigned to the 
visibility property of the area label within the room tag family. If you want to explore this 
functionality further, you can open the tag family. Select the room tag and click Edit Family in 
the contextual tab of the ribbon. 

If you select any one of these room tags, you can also see the area that it is calculating 
displayed with a red outline (Figure 17.2). When adding rooms, you are not limited to only 
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FIGURE 17.2 
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rooms that are bound on all sides with walls. If you note the lounge and lobby spaces on 
Level 1, shown in Figure 17.2, there isn't a wall dividing the two rooms, yet they are shown as 
being independent of each other. This separation is achieved by using room separation lines, 
which can be placed with the Room Separator tool located on the Room & Area panel of the 
Architecture tab. Note that these lines will print and export with other model and annotation 
elements, but you can adjust their visibility in the Visibility/Graphic Overrides dialog box. If 
you decide to change the visibility of the room separator lines and turn them off within a view, 
they will continue to divide the room objects. You will find these elements in the Visibility 
Graphic dialog box on the Model Elements tab, under Lines, <Room Separation>. 

Because area calculation using rooms doesn’t usually include wall thicknesses, let’s look at 
another way to calculate areas, using area plans. 


WORKING WITH ROOMS AND AREAS 


Rooms and areas are the two object types you will use to annotate and report the occupied space 
within your building designs. You can use room tags and area tags to visualize data such as a room 
name or number, but the tags merely report the data that exists in the object itself. So, how do you 
work with objects that have no solid geometry? 


Both rooms and areas have a reference that can be seen if you hover the mouse pointer within a 
space. Sometimes these references can be difficult to find, but there is something you can do to 
improve your efficiency when working with these objects. In the Visibility/Graphic Overrides dialog 
box, locate Areas or Rooms in the Model Categories tab. Expand the category for either object and 
you will see Interior Fill and Reference. These subcategories are turned off by default, but you can 
turn them on if you will be frequently editing these objects. 
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Creating Area Plans 


Area plans are views of the model used to calculate defined two-dimensional spaces within the 
model according to prescribed calculation standards but with the added ability to customize 
the area boundaries. The software allows you to create as many area calculation schemes as 
you need to depict the design. Area boundaries can exist only in area plans and can either be 
manually placed or automatically associated with walls. If they are automatically placed, the 
areas within them will be calculated based on the BOMA standard. 


BOMA AREA CALCULATIONS 


BOMA stands for the Building Owners and Managers Association. Widely used in the United States 
by architects, developers, and facility managers alike, it was created to help standardize building 
development and spatial needs. BOMA uses its own set of standards for calculating areas that 
have some nuances relating to exactly where the area boundaries between spaces fall, depending 
on the Area Type property. You can find more information on BOMA standards at www. boma . org. 


The default project template includes some predefined areas. To add to the list of available 
area schemes, access the expanded Room & Area panel in the Architecture tab of the ribbon, 
and then click Area And Volume Computations. 

When the Area And Volume Computations dialog box opens, choose the Area Schemes tab, 
shown in Figure 17.3. Here you can add as many new area schemes as your design requires. 
For each area scheme, you can create associated plans, schedules, and area boundary layouts; 
however, be careful not to add too many superfluous area schemes on larger projects because 
doing so can degrade performance and increase file size. 

Create a new area scheme by clicking the New button. By default this will be a rentable type 
plan based on BOMA calculation rules. You will see a new area scheme in the list. Click in the 
Name field of the new row and rename the scheme Usable Area (Figure 174). Click OK to close 
the Area And Volume Computations dialog box. 


FIGURE 17.3 ‘Areaand Volume Computations = 
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FIGURE 17.4 
Create a new area 
scheme. 
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To continue the exercise, you will need to create area plans for your presentation. You can 
create an area plan from either of two locations: One is located on the Room & Area panel of the 
Architecture tab; the other is located on the Create panel of the View tab. Follow these steps: 


1. From the Architecture tab in the ribbon, find the Room & Area panel, click Area, and then 
click Area Plan. You are prompted with the New Area Plan dialog box, shown in Figure 17.5. 


FIGURE 17.5 
Creating new area 
plans 


| Eqit Type... 


Select one or more levels for which you want to 
create new views. 





(| Do not duplicate existing views 





2. From the Type drop-down menu, choose Usable Area. While pressing the Ctrl key, select 
both Level 1 and Level 2. 


3. Click OK. You are prompted with the option to automatically generate area boundaries 
for exterior walls. Because you selected more than one level, you will receive a prompt 
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for each level for which a plan is being generated. Go ahead and click OK to generate the 
plans automatically. 


This creates new area plans under a new node in the Project Browser: Area Plans 
(Usable Area). 


4. In the Project Browser, select both Level 1 and Level 2 under Area Plans (Usable Area). 
Right-click and select Apply View Template from the context menu. 


5S. Inthe Apply View Template dialog box, choose Area Plan from the list of view templates, 
click OK to apply the template, and close the dialog box. 


This method applies the template properties to the views, but it does not associate the 
template with the views. To permanently assign the view template to the views, edit the 
View Template parameter in the Properties palette. 


View references, furniture, and floor patterns are turned off based on the settings 
defined in the view template (Figure 17.6). For more detailed information on using view 
templates, refer to Chapter 4, “Configuring Templates and Standards.” 


FIGURE 17.6 

Area boundaries have 
been automatically 
assigned to the 
exterior walls. 





When looking at the area plan on your screen, you'll notice a thick purple line running 
around the inside face of the exterior wall. This is the area boundary line. Note that we 
have changed the default properties of the Area Boundary line type in the figures within this 
project for clarity. The software has attempted to calculate your plan area based on some 


DOCUMENTING PLANS| 743 


predefined rules. For the most part, it does a reasonable job of figuring out where the 
boundaries are, but from time to time those lines need some adjusting. You will learn 
over time whether this automation works based on the complexity of the perimeter walls 
in your designs. If they are complex and not clearly closed, the results of the automated 
boundary placement may be undesirable. 


In the Project Browser, find the node Area Plans (Gross Building) and open either of the 
plans. Notice the difference in the application of the area boundaries to the exterior walls. 
The area boundaries are applied to the outside faces of the exterior walls. In the Usable 
Area plans (Figure 17.6), the boundaries are assigned to the inside faces of the exterior 
walls—also adapting to window elements. 


To complete this part of the exercise, you will place additional area boundaries to 
subdivide the interior space into different spaces. 


6. Activate the Level 1 area plan for Usable Area. From the Architecture tab, select the Room 
& Area panel; click Area Boundary. 


The default drawing method is set to Pick, and in the Options bar, the Apply Area Rules 
setting is checked. Remember that this setting determines whether the location of the 
boundary will be affected by the Area Type property of the areas placed on either side of 
the boundary. 


7. Pick the interior walls indicated in Figure 17.7. 


FIGURE 17.7 =r 
Place additional area pe ee \ 
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8. Activate the Level 2 area plan for Usable Area, and using the same method as in Level 1, 
add area boundaries to the interior walls indicated in Figure 17.8. You will need to use the 
Trim tool to adjust the line for the wall at the end of the corridor. 


FIGURE 17.8 

Place additional area 
boundaries on Level 2 
as shown here. 





Adding Area Objects 


Like room elements, areas need a closed boundary in order to be placed, and they have 
properties to which you can add attributes that are “taggable.” You can have any number of 
areas visible in an area plan, but unlike rooms, areas can be seen and tagged only in area plans. 
In this section’s exercise, you will place area objects within the boundaries you created in the 
previous exercise: 


1. Back on the Room & Area panel on the Architecture tab, choose the Area tool. 


The Area tool places an area in a manner similar to placing a room, and it gives you a 
bound area with a large X in it (Figure 17.9). The area of the space bound by the purple 
boundary lines will be reported as part of the area tag. 


2. Place areas in each of the zones defined by the boundary lines in the Level 1 floor plan 
for Usable Area. To modify the names of the areas, you can select the area object and then 
modify the name in the Properties palette, or you can select the area tag, click the name, 
and then type the new value. Change the names of the areas to OFFICES, LOBBY, and 
SERVICES, as shown in Figure 17.10. 
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FIGURE 17.9 
The placed area 
element with area tag 


FIGURE 17.10 
Rename the areas 
placed on Level 1. 
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3. Select the OFFICES area (not the tag), and in the Properties palette, change the Area Type 


property to Office Area. Select the SERVICES area and change its Area Type property to 
Building Common Area. 


Notice that some of the area boundaries change to different wall faces as the Area Type 
property is modified. This behavior is based on the BOMA area measurement standards 
and is dependent on either allowing Revit to automatically assign area boundaries or 
using the Apply Area Rules option when you are placing the boundaries yourself. 


Rooms are not visible in the area plans, based on the settings in the view templates we 
provided in the sample project. If you do not turn off the visibility of rooms in area plans, 
you may mistakenly select a room object instead of an area. Always be sure to check the 
Type Selector to verify that you have selected an area or a room. 


DELETING AREAS 


As you complete this exercise, you may accidentally place an area outside the boundaries of the 
design, or you may place two areas within the same space. First, realize that you must delete the 
area, not just the area tag, to remove the area element; however, the area actually remains in your 
project. You are prompted with a warning as shown here: 








Warning [33] 
A Area was deleted from all model views but still remains in this project. +j 
The area can be removed from any schedule or placed back in the model using : 
the Area command. y 
n 
4] 


To completely remove an area from your project, you must remove it from an area schedule. The 
Area and Level properties of deleted areas are shown ina schedule as Not Placed. You can pick these 
rows in a schedule and choose Delete from the Rows panel of the ribbon. 


4. The next step in our area plan is to follow steps similar to those for Level 1. Activate 


the Level 2 area plan for Usable Area and place areas in the zones defined by the area 
boundaries. 


DS. Rename the areas OFFICES, CIRCULATION, and SERVICES, as shown in Figure 17.11. 
«© Select the OFFICES area and change the Area Type property to Office Area. Select the 


CIRCULATION area and change Area Type to Major Vertical Penetration. Select the 
SERVICES area and change the Area Type to Building Common Area. 


© Select the area tag for SERVICES and from the Options bar, activate the Leader setting. 


This will allow you to move the tag away from the area object without generating a 
warning. With the SERVICES area tag still selected, move it outside the area boundary 
lines and adjust the leader line as necessary. 
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FIGURE 17.11 
Rename the areas 
placed on Level 2. 
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Modifying Area Plans 
Like rooms, areas can be modified at any time during the design process. They will be adjusted 
automatically if the boundary lines are locked to a wall or other element that has been moved as 
part of the design, or they can be modified manually. 

If you delete an area line, you'll get the warning message shown in Figure 17.12. This message 
tells you that you have removed one or more of the boundary lines for an area and the software 
can no longer calculate the area. 


FIGURE 17.12 
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If you are in the midst of modifying a space, finish your modifications and replace any area 
lines that you've deleted or removed as part of the design change. Once the area is completely 
bound, it will recalculate the space. 

In this section, you've created an area plan that will give you a graphic representation of the 
space you've defined with boundary lines. But what if you want to show this same information 
in a spreadsheet format? All you need to do is set up a view type in the model that allows you to 
look at the same information in a tabular format. For this, you can use a schedule. 
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Certification 
Objective 


GD Real World Scenario 


WORKING WITH AREA PLANS ON LARGE PROJECTS 


On a large project we were designing for a government agency, our team was required to create 
many different area schemes to comply with the documentation deliverables. These area schemes 
included gross floor area, rentable area, and individual department areas. Because the project was 
so large in overall area and number of spaces, performance of our Revit project file was suffering 
because the software was simultaneously analyzing the parametric relationships between all the 
physical building elements while maintaining all the calculations in our area plans for each of the 
area schemes. 


To alleviate some of the degraded performance, we decided to create a separate project file into 
which we linked our architectural model. In this file, we re-created the required area schemes, 
area objects, and area plans. Even the sheets dedicated to the area calculations were created in 
this project file. 


Although this approach improved the performance of the main architectural model, there were 
some limitations. The main limitation was that we could not use the Pick Walls method to assign the 
area boundaries to the walls in the linked model. Thus, the Apply Area Rules option did not function, 
which required us to manage the area boundaries manually in relation to their associated walls. 


If you decide to pursue this method of working with area plans on large projects, consider the work 
involved against the benefits gained in performance before you decide to implement it. 


Creating Schedules and Legends 


Schedules are lists of elements and element properties within the model. They itemize building 
objects such as walls, doors, and windows as well as calculate quantities, areas, and volumes. 
They can also list document elements such as sheets, keynotes, and views. Schedules are yet 
another live way to view a Revit model. Once created, they are constantly kept up to date with 
any changes that occur to the model itself. 

Legends are views in which you can display building components or annotations used in your 
model without affecting quantity schedules of the actual project model. Legends can be created 
for displaying information such as door types, wall types, key plans, or general notes. Legends 
are unique in their behavior as a view because they are the one view that can be placed on 
multiple sheets. 


Creating Schedules 


In a project workflow, creating schedules of objects, areas, or quantities is usually one of the 
most laborious tasks for architects. When this process is performed manually, it can take a very 
long time and typically results in errors that require validation of the design data. 

In Revit, all building elements have information about their properties defined within 
the model. You also have the option to include additional information with any element. For 
example, doors have properties such as size, material, fire rating, cost, and so on. All of this 
information can be scheduled and quantified. Because the schedule is a live tabular view of the 
element within the model, modifying values in a schedule changes the element in the model, 
and vice versa. 
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There are several types of schedules, all of which you can access from the Create panel of the 
View tab. You can also create schedules by right-clicking the Schedules/Quantities node in the 
Project Browser. You can create five primary types of schedules: 


Schedule/Quantities As the most commonly used schedule type, this schedule allows you 
to list and quantify all element category types. You would use this type to create tabular 
views for doors, walls, windows, areas, rooms, and so on. 


Material Takeoff This type of schedule can calculate the area or volume of materials across 
any family category. For example, you might want to know the volume of concrete within the 
model. Regardless of whether the concrete is in a wall, floor, or column, you can configure 
the schedule to report the total amount of that material in the project. 


Sheet List This schedule allows you to create a list of all the sheets in the project. In 
addition to the number and name of the sheet, you can include the current revision number, 
date, and revision description. 


Note Block This type of schedule lists the parameters of generic annotation families that are 
used in your project. These are different from element tags because the values reported in the 
Note Block schedule come from the annotation families—not the model objects. You can also 
use a note block to list the annotation symbols (centerlines, north arrows) used in a project. 


View List This schedule generates a list of all the views in the Project Browser and their 
properties. A view list is useful for managing your project because the schedule is a bidirec- 
tional view, which allows you to edit many view properties such as name, scale, and phase. 


Each of these schedule types gives you the ability to select related element properties that you 
can mix and match to track elements within the model. When you create a new schedule, you 
must first select a category of objects to itemize (Figure 17.13). You can also filter the schedule 
based on the various disciplines by selecting the Filter List drop-down menu at the upper left. 


FIGURE 17.13 
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Although the most common schedules are based on a single object category, you can also 
create schedules that span categories. The first option in the dialog box in Figure 17.13 is the 
<Multi-Category> schedule. You might want to schedule all the casework, furniture, and 
furniture systems in a project simultaneously, or all the windows and doors if they are being 
ordered from the same manufacturer. Although this type of schedule allows you to span 
multiple categories, many specific parameters cannot be included. First, it is difficult to isolate 
just two categories (such as windows and doors) in a multicategory schedule. Second, you 
cannot include critical parameters in the schedule such as length, width, and height. Another 
limit of this schedule type is that you cannot schedule host elements (walls, floors, ceilings, and 
so on), only their materials and family components. 


KEY SCHEDULES 


There is a special kind of schedule that gives you the ability to populate a list of values before plac- 
ing any actual objects in your model as well as manage these values from one location. Known asa 
schedule key, it can be selected when you first create a schedule. Acommon example of the use of 
a schedule key is to manage room finishes. In this use case, you create a schedule key named Room 
Finish Type. You add the parameters Floor Finish, Base Finish, Wall Finish, and Ceiling Finish to 
the schedule. In the schedule, use the New Row button to create room finish types. For example, 
you could create types for Executive Office, Standard Office, Service Corridor, and Rest Room. 


The parameter Room Finish Type will then appear in the element properties of every room object. 
The parameters that are assigned to a schedule key can be edited only in the key schedule—not in 
the room properties. This might seem inconvenient; however, you can manage large numbers of 
objects with common parameters. For example, if the floor finish for all the rooms in your project 
that were assigned as an Executive Office type needed to change from carpet to ceramic tile, you 
would simply change the schedule key and all instances of that room type would update. 


CREATING A ROOM SCHEDULE 


To become familiar with the general functionality of creating a schedule, you will create a room 
schedule. You're going to continue working in the model, c17-Sample-Building-Start 
.rvt file or c17-Sample-Metric-Start.rvt you opened earlier in this chapter. Later in this 
chapter, you will apply your skills to create an area schedule based on the previous exercises. 
From the View tab in the ribbon, click Schedules > Schedule/Quantities. In the New 
Schedule dialog box, select Rooms from the list of categories, and click OK to continue. You are 
then presented with the Schedule Properties dialog box. This is the main interface by which 
you set, and later modify, any of the organizational or appearance characteristics of your 
schedules. The dialog box consists of five tabs: Fields, Filter, Sorting/Grouping, Formatting, and 
Appearance. Let’s step through each of these tabs and examine how they affect the form and 
function of the schedule: 


Fields The Fields tab (Figure 17.14) lets you select the data that will appear in your schedule. 
The list of available fields on the left will vary based on the category you choose to schedule. 
If you've assigned any custom parameters to those categories, they will be available here 

as well. Also notice the option Include Elements In Linked Files at the lower-left corner. 
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Enabling this option will allow you to schedule across multiple files, and it can be a great tool 
for larger projects. The order of the fields you add to the Scheduled Fields list at the right side 
(top to bottom) determines the order of columns in your schedule from left to right. 





FIGURE 17.14 
The Fields tab 
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From the list of available fields on the left, add Level, Number, Name, and Area to the list of 
scheduled fields on the right. 


Filter On the Filter tab (Figure 17.15), you can filter out the data you don’t want to show in 

your schedule. Filters work like common database functions. For example, you can filter out 
all the sheets in a set whose names don’t begin with the letter A. Or you can filter a material 
list so that it shows only items containing Concrete. Filters operate only on certain schedule 
fields. For instance, you can’t apply a filter to the Family And Type field. 


Set the first group of filter drop-downs to Filter By: Level: Does Not Equal: Roof 1. Set the 
second group of filter drop-downs to Filter By: Level: Does Not Equal: Roof 2. 


Sorting/Grouping The Sorting/Grouping tab (Figure 17.16) lets you control the order in 
which information is displayed and which fields control that order. For instance, if you are 
creating a sheet index, you can choose to sort by sheet number or sheet name, depending on 
how you'd like the information displayed. You can also decide whether you want to show 
every instance of an item or only a summary of object types by using the Itemize Every 
Instance check box at the bottom. 


In the first Sort By options, set the drop-down to Level, select the Header and Footer options, 
and set the Footer drop-down to Count And Totals. 
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FIGURE 17.15 
The Filter tab 


FIGURE 17.16 
The Sorting/Grouping 
tab 
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In the Sorting/Grouping tab, you have the ability to summarize the reported information in 
group footers or as a grand total at the bottom of the schedule; however, you must designate 
one or more fields to calculate totals in the Formatting tab to display these results. 


Formatting The Formatting tab (Figure 17.17) controls the display for each field and 
whether the field is visible on the schedule. It also controls other elements of the field, such 
as justification, display name, and orientation of the header. This tab also allows you to use 
the Calculate Totals check box for use with the footer or Grand Totals options in the Sorting/ 
Grouping tab. Note that you may also need to use the Calculate Totals option for certain 
numerical fields if you intend to deselect the Itemize Every Instance option in the Sorting/ 
Grouping tab. For example, if you include the Area property of walls and choose not to 
itemize every instance, the area appears as a blank field in the schedule unless you check the 
Calculate Totals option. 


FIGURE 17.17 
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The Hidden Field option is also an important feature to help you customize your schedules. 
You can use this option when you need to include a field just for filtering or sorting but you 
don’t want to see it in the schedule, such as a custom sorting parameter for drawing sheets. 
You can also select it when you want to use a field as the header of a group of elements in 

a schedule. For example, you may include the Family and Type fields, but you want only 
the family listed as a grouping header because you don’t need to show the family name 
repeatedly in every row of your schedule. 


Select the Level field and then activate the Hidden Field option. Select the Area field, set the 
Alignment to Right, and then activate the Calculate Totals option. 
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Appearance The Appearance tab (Figure 17.18) controls the graphical aspects of the 
schedule, such as font size and style of text for each of the columns and headers in the 
schedule. It also allows you to turn the schedule grid lines on and off and modify the line 
thickness for the grid and boundary lines. For revision schedules, you can also specify 
whether the schedule reads from top to bottom or from bottom to top. 


FIGURE 17.18 
The Appearance tab 
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Select the Outline check box and set the Outline drop-down to Wide Lines. 


Once you've worked through each of the tabs in the Schedule Properties dialog box, click 
OK and you will see the working layout of the schedule. The schedule settings can be modified 
at any time, but this gives you a basis from which to begin. To modify the schedule, you can 
access any tab of the Schedule Properties dialog box from the five corresponding buttons in the 
Properties palette when the schedule view is active. 

A special tab on the ribbon is active when you are editing a schedule. This ribbon is not 
available when you select a schedule that has been placed on a sheet but rather only in the 
editing mode. To edit a schedule on a sheet, you must right-click the schedule and then 
select Edit Schedule from the context menu. The Modify Schedule/Quantities tab shown in 
Figure 17.19 has many tools that enable you to modify field selection, hide columns, merge cells, 
and perform other functions that are similar to those found in Microsoft Excel. 





FIGURE 17.19 
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In some schedules, such as room schedules, area schedules, and sheet lists, the Insert 
Data Row button is active. This command allows you to add rows to the schedule in order to 
prepopulate the project with values before you actually create an element. In the example of 
rooms, if you first create a room schedule and then generate a list of rooms using the Insert 
Data Row command, you can place rooms in your model using the predefined data in the Room 
drop-down from the Options bar. 

In addition to the various formatting tools in the contextual tab for schedules, you will 
find a panel named Parameters. The drop-downs in this panel allow you to select some 
cells in the schedule and point them to other parameters within the project. As an example, 
we inserted a row beneath the title row and set the left cell to Project Information: Project 
Number. The two remaining cells in that row were merged and the cell’s parameter was 
set to Schedule: Phase using the two drop-downs in the Parameters panel. As you can see 
in Figure 17.20, you can even change the phase of the schedule directly in the cell of the 
schedule. 


FIGURE 17.20 
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Another key feature of the contextual tab for schedules is the Highlight In Model button. 
This button allows you to select any element in the schedule and locate that element within 
the model. Let’s say you want to locate a particular door from your door schedule. Select the 
respective row in the schedule and click the Highlight In Model button; Revit will pull up a 
different view with that door highlighted. This technique can be a useful way to locate elements 
in the model, especially for larger models. 
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Now that you have an idea of the elements that compose a schedule, let’s explore the 
workflow with two exercises. You will first create a simple wall schedule and then create a 
Usable Area schedule based on the areas you defined earlier in this chapter. 


MAKING A WALL SCHEDULE 


In this exercise, you will create a schedule of building elements that is filtered to report only 
certain types of walls and is simplified to show only a summary of each unique wall type 
within the project. Make sure you have the c17-Sample-Building-Start.rvt or c17- 
Sample-Metric-Start.rvt file open, and then follow these steps: 


1. 


From the View tab in the ribbon, locate the Create tab, click Schedules, and then click 
Schedules/Quantities. 


The New Schedule dialog box opens. 


«© Choose Walls from the Category list and click OK. 


. Inthe Fields tab, choose the following wall properties from the Available Fields list and 


add them to the Scheduled Fields list (in order): 


@ Function 


@ Family 
@ Type 
@ Area 


. Switch to the Sorting/Grouping tab, set the first Sort By field to Family, and check 


the Header and Blank Line options. Leave the Itemize Every Instance option checked 
for now. 


© Click OK to close the dialog box and observe the amount of data that is available for 


this schedule. 


Let’s refine the schedule even further. 


. Inthe Properties palette, scroll down to find the Edit buttons related to the five tabs in 


the Schedule Properties dialog box. Click the button next to Filter. Set the first filter drop- 
down list to Function: Equals: Exterior. 


© Switch to the Formatting tab and select the Function field from the list. Check the Hidden 


Field option and click OK to view the result in your schedule. 


Note that now only the exterior walls are being listed. Walls with any other function 
property are not being itemized. Although the Function field is not shown, it must be 
included in the Scheduled Fields list to be used as a filter. 


. From the Properties palette, click the Edit button related to the Sorting/Grouping tab. 


Uncheck the Itemize Every Instance option and check the Grand Totals option. From the 
Grand Totals drop-down list, choose Totals Only. 
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9. Switch to the Formatting tab and select the Family field from the list. Check the Hidden 
Field option. Next, select the Area field, check the Calculate Totals option, and set the 





Alignment to Right. 
10. Click OK to close the dialog box and observe the final modifications to your wall 
schedule (Figure 17.21). 
FIGURE 17.21 
The finished wall <Wall Schedule> 
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In this simple wall schedule exercise, you saw that a large amount of model data can be 
succinctly itemized and displayed using a combination of parameters within the elements. Only 
the exterior wall types were itemized, and the total area for each type was reported, including a 
grand total of all types. 


MAKING AN AREA SCHEDULE 


In our next exercise, you will create an area schedule specifically for the Usable Area 
scheme you established earlier in this chapter. The process is similar to that of creating a 
wall schedule. 

If you are working through all the exercises in this chapter, continue with the c17-Sample- 
Building-Start.rvt or cl7-Sample-Metric-Start.rvt file from this book’s web page. To 
create the schedule, follow these steps: 


1. 


From the View tab in the ribbon, select Schedules and then Schedule/Quantities. From 
the Categories list, select the Area (Usable Area) schedule type and click OK. 


. On the Fields tab, notice that the available fields in an area table are much more limited 


than they were in the Walls table in the previous exercise. For this schedule, you need 
only four fields: 


@ Area Type 
@ Level 

@ Name 

@ Area 


Choose those from the Fields list on the left, and using the Add button, move them to the 
right or double-click the names to move them from one side to the other. 


Remember that the order of the fields in this list will determine the order of the columns 
in your final schedule. Use the Move Up and Move Down buttons as needed to order the 
list correctly. 


-© Next, choose the Sorting/Grouping tab. From the first pull-down menu, choose to sort 


by Area Type and check the Header and Footer boxes with the Totals Only option. In the 
second pull-down, choose to sort by Level. Check the Itemize Every Instance option at 
the bottom. 


. In this schedule, you want to make the areas read as they would in a spreadsheet—right- 


justified and totaled. Choose the Formatting tab and select Area from the list on the left. 
Change the Alignment to Right and check the Calculate Totals box. Select the Area Type 
field and check the Hidden Field box. 


e Click OK to close the dialog box and observe your results (Figure 17.22). The areas placed 


on each level should be listed under a header and the total area should be calculated at 
the bottom of each grouped level. Finally, the sum of all areas is displayed as a grand 
total at the bottom of the schedule. 
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FIGURE 17.22 
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ADDING SCHEDULES TO YOUR TEMPLATES 


As you continue to document your designs, you will likely use the same schedules on many projects. 
Spend the time to make them consistent with your office’s graphic standards, and add them to your 
office template. That way, you won't have to create them from scratch each and every time. As you 
add content to your model, the schedules will automatically populate, in effect filling themselves 
out. 


If you have a schedule in another project and you want to add it to your current project, there’s 
no need to re-create it. Open both projects in the same instance of Revit. Go to the sheet on 
which the schedule you want to copy appears. If it’s not on a sheet, you'll need to place it on 
one. Then simply select it and copy it to the Clipboard (press Ctrl+C). In your destination 
project, go to any sheet and press Ctrl+V to paste it. Once the paste is finished, the schedule 
should be there with all the formatting from the previous project but with all the information 
from your current model. 


Another way to save a schedule separate from a project file is to save the view. Choose the Application 
button and click Save As > Library > Save Views. From here you can select several schedules to 
export as a small, separate RVT file. This file can then be inserted into other project files to add 
the schedules. If you want to export only one schedule, you can right-click on the schedule in the 
Project Browser and select Save To New File from the context menu. 


CREATING A SHEET LIST 


Using a sheet list schedule, you can create a tabular view of sheets in your project—even 
including drawings provided by consultants. This type of schedule allows you to create 
placeholders for sheets that are not yet created or that will not be a part of your discipline’s 
drawing set. 
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In the sample workflow, you have created area plans for the Usable Area scheme. Eventually, 
you may want to create another area scheme based on departmental spaces. You haven't created 
them yet, but you want to create your sheet list, including the area plans that you will create 
later. To do so, follow these steps: 


1. 
2. 


From the View tab in the ribbon, click Schedules > Sheet List. 


In the Fields tab of the Sheet List Properties dialog box, add the fields named Sheet 
Number and Sheet Name to the list of scheduled fields. 


. On the Sorting/Grouping tab, choose to sort by Sheet Number and make sure the Itemize 


Every Instance check box is checked. Click OK to close the dialog box. 


To begin adding sheets to the sheet list, go to the Rows panel in the ribbon and then 
click Insert > Data Rows. This will give you a row with the next sequential number 
based on the last number you entered. Change the sheet number in the new row to 
G101 and click the Data Rows button again. The next new row should be G102. Change 
the names of G101 and G102 to LEVEL 1 AREA PLAN and LEVEL 2 AREA PLAN, 
respectively. 


<Sheet List> 


a a a 
LEVEL 1 AREA PLAN 


‘[LEVEL2AREAPLAN sw 











You can continue populating the schedule in this way, adding any sheet names you need 
or plan to have in the presentation package. Next, you will begin to create a sheet directly 
from a row in the sheet list. 


Start by selecting the New Sheet button from the Modify Schedules/Quantities tab on the 
ribbon. This will give you a dialog box similar to Figure 17.23. 


Select the type of sheet border you'd like to use from the list at the top. Choose the C size 
sheet border for this exercise. 


7. Select G101 - LEVEL 1 AREA PLAN from the list of placeholder sheets and click OK. 


This will create a sheet from the line item in the schedule using the same name and 
sheet number. The new sheet will appear under the Sheet node in the Project Browser 
with the correct number and name. You will begin to add views to this sheet later in this 
chapter. 


Certification 
Objective 
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FIGURE 17.23 
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Using Legends 

As we mentioned earlier in this chapter, legends are unique views because they are the only 
view type you can place on more than one sheet. They can become great tools for general notes, 
key plans, or any other view type that you will want to have consistent across several sheets. It’s 
also important to note that anything you place inside a legend view—doors, walls, windows, 
and so on—will not appear or be counted in any schedules. Legend elements live outside of any 
quantities present in the model. 

The Legend tool is located on the Create panel in the View tab. You can create two types of 
legends from this menu: a legend, which is a graphic display, or a keynote legend, which is a text- 
based schedule. Both legend types can be placed on multiple sheets, but for this exercise, you'll 
focus on the graphic legend. The keynote legend will be handled in more detail in Chapter 18, 
“Annotating Your Design.” 

As part of the sample workflow, you may want to present some of the wall types from your 
presentation package to demonstrate the Sound Transmission Class (STC) of the walls and the 
overall wall assembly. Because these wall types will be appearing on all the sheets where you 
are using them in plan, you'll make them using a legend. 

To make a legend, choose the Legend button from the View tab under the Legends flyout. 
Creating a new legend is much like creating a new drafting view. You'll be presented with a 
New Legend View dialog box (Figure 17.24), where you can name the legend and set the scale. 
For this legend, name it WALL LEGEND and choose 1 1/2” = 1—0” (1:10) for the scale. 

The legend you've created will look like a blank view. At this point, it’s up to you to add 
content. The simplest type of legend would be adding notes such as plan or demolition notes that 
would appear in each of your floor plans. You could do this simply by using the Text tool and 
adding text within this legend view; however, in this example you want to add more than just text. 
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FIGURE 17.24 ar = =a = — — - 
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To add wall types or any other family to the legend view, expand the Families tree in the 
Project Browser and navigate to the Wall family. Expand this node and then expand the Basic 
Wall node. Select the Interior — 4 7/8” (138 mm) Partition (1-Hr) wall type, drag it into the view, 
and insert it anywhere. 

With the family inserted into the view, it will appear as a 3’ (1,000 mm)-long plan wall. 
Change your view’s detail level from Coarse to Medium or Fine so you can see the detail within 
the wall. With that done, select the inserted wall and look at the settings in the Options bar. 
These options will be consistent for any of the family types you insert. The Options bar for 
legend elements consists of three sections: 





Family: Walls: Basic Wall: Interior- 4 7/8" Partition (1-4 + View: Section + HostLength: 3° 0° 


Family This drop-down menu allows you to select different family types and operates just 
like the Type Selector does for other elements within the model. 


View The View option lets you change the type of view from Floor Plan to Section. 


Host Length This option changes the overall length (or in the case of sections, height) of the 
element selected. 


Let’s make some minor adjustments to the wall sample in the legend. Let’s change View to 
Section and change Host Length to 1’-6” (500 mm). 

The wall now looks like a sectional element. By adding some simple text, you can embellish 
the wall type to better explain the elements you're viewing (Figure 17.25). 


FIGURE 17.25 
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Continue the exercise by adding the Exterior — EIFS On Metal Stud wall type to the legend 
along with some additional text notes. 
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Laying Out Sheets 


Throughout this chapter, you have created different kinds of views, including area plans, 
schedules, and legends. Eventually you will need to lay those out onto sheets so they can be 
printed or exported as PDF or DWF files and sent to others for review. 

Creating sheets is easy. As you've already seen, you can create sheets through a sheet list 
schedule. You can also create sheets by right-clicking the Sheet node in the Project Browser 
and selecting New Sheet from the context menu. Regardless of which method you use to create 
them, in the following sections we'll walk you through laying out these views on sheets and 
show you how to manipulate each view further once it’s placed on a sheet. 


Adding the Area Plan 


In the following exercise, you will continue to use the c17-Sample-Building-Start.rvt or 
c17-Sample-Metric-Start.rvt file saved from previous exercises in this chapter: 


1. Open the G101 —- LEVEL 1 AREA PLAN sheet in the view window by double-clicking it 
in the Project Browser. Now, let’s add your first view—the Usable Area plan for Level 1. 
To do this, simply drag and drop it from the Project Browser onto the sheet. The view will 
show at the proper scale and with a view title already established. You can then drag the 
view across the sheet to place it where you'd like to have it, which in this case is centered 
at the top of the sheet. 


When views are placed on sheets, they are referred to as viewports. Select the view you 
just placed on the sheet and look at the Properties palette. The instance properties of the 
viewport are actually the view properties of that view. These properties can be modified 
at any time in the Properties palette for a viewport that has been placed on a sheet. A 
viewport also has type properties that determine the view title family, the visibility of 
the view title, and the formatting of the optional title extension line. We discuss viewport 
management with greater detail in Chapter 20, “Presenting Your Design.” 


After placing the view on the sheet, you'll notice that the purple area boundary lines are 
still visible. If you print the sheet at this point, the software will print those lines as thick, 
black lines that border your floor plate. This may be undesirable, so you need to do some 
view management to turn those lines off. One way you can do this is by activating the 
area plan from the Project Browser and working within the view itself. Since you have 
the view already established on a sheet, there’s no reason to go back to the original view 
when you can work on it directly through the sheet. 


2. Right-click the view on the sheet and choose Activate View from the context menu. You 
can also double-click a view placed on a sheet to activate it. 


Activating a View 

Activating a view is like working in model space through a paper space viewport in Autodesk® 
AutoCAD® software. You're working on the actual view but you're doing so while it is placed on 
the sheet. This gives you the benefit of seeing how changes to the view will affect the layout of 
the view on the sheet. For example, it could be undesirable to enlarge the crop window for the 
view to show more information on the sheet. Doing so will take up valuable sheet real estate 
and should be balanced by the amount of space the other views on this sheet need. You'll also 
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notice that once the view is activated, all the surrounding materials (the sheet and any other 
views) turn gray. This is to alert you to the fact that you're working in the view and are not 
active on the sheet. 

In this view, however, you want to make some modifications to the visibility and turn off the area 
boundaries so they are not visible when you print. To do this, open the Visibility/Graphic Overrides 
dialog box by pressing VG on your keyboard or navigating to the command via the context menu. 

In the Visibility/Graphic Overrides dialog box, pan down in the Model tab (activated by 
default) and choose the Lines node. Uncheck the box for <Area Boundaries> and click OK. The 
boundary lines should disappear from the view. 

Now you're ready to get out of the activation mode and add some additional views to the 
sheet. To do this, right-click anywhere within the view and choose Deactivate View from the 
context menu. You can also double-click outside the viewport to deactivate the view. 


DEACTIVATE ACTIVE VIEWS 


Keep the following in mind: Once you activate a view and complete your edits, you must deactivate 
it. As you can see on the sheet, activated views gray out the surrounding sheet context. If you were 
to print at this point, the sheet would print as gray with only the activated view showing in black. 


With the view on the sheet, you will want to make some other adjustments to help clean up the 
sheet layout a bit. One thing you will want to do is modify the view title’s location and length. To 
do this, select the viewport and the view title will activate. With the view title active, you'll notice 
the blue grip at the end of the title line. By grabbing and dragging the grip, you can shorten the 
view title. Press the Esc key or click the Modify button in the ribbon to deselect the viewport. 

Now select the view title itself—not the viewport—and then click and drag the title closer to 
the view itself (Figure 17.26). 


FIGURE 17.26 

Move the view title by 
selecting it directly, 
not by selecting the 
viewport. 
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Using Guide Grids 


If you have multiple plans, elevations, or sections that need to be placed at the same location 
on a series of sheets, the Guide Grid command can help you manage this. Guide grids are 
nonprinting grids that can be associated with sheets. The grids allow you to snap or align 
elements such as reference planes, other grids, or crop regions to specific locations relative to the 
sheet border. 

You can create as many unique guide grids as required in a Revit project. First, activate the 
G101 sheet to establish your first guide grid. Complete the following exercise before placing the 
next area plan on a new sheet: 


1. From the View tab in the ribbon, select Guide Grid from the Sheet Composition panel. 
Name the new grid C-Sheet Area Plans. 


2. When you see the grid appear on the sheet, select it and look at the Properties palette. 
Change the spacing to 3” (75 mm). 


3. Select the outer boundary of the guide grid and activate the Move command (press MV 
on the keyboard). Snap to one of the grid intersections within the guide, and then move it 
to the upper-left intersection of the inner sheet border. 


Where you place the guide grid and the spacing of the grid itself will depend on exactly 
how you plan to use it. In our example, we need to identify only a single common point 
to which we will align our area plans. The location of the boundary of the grid is not 
important; the boundary cannot be snapped to. 


4. Access the view properties of the sheet and scroll down to find the Guide Grid property. 
Make sure it is set to C-Sheet Area Plans. 


DS. Select the area plan already placed on sheet G101 and activate the Move command. Snap 
to the intersection of the two reference planes visible in the plan and then to a nearby 
intersection on the guide grid. 


Note that some traditional modifying methods do not work with guide grids. For 
example, you cannot use the Align command. 


6. If you haven't already done so, create a new sheet using the G102 - LEVEL 2 AREA PLAN 
placeholder. In the Properties palette, make sure the guide grid is specified and note that 
it is now in exactly the same location as on the previous sheet. 


7. Drag the Level 2 Usable Area plan onto the sheet, and then use the Move command to 
adjust the location of the plan to the same location as on the previous sheet (Figure 17.27). 
Note that only crop regions and datum objects will snap to the guide grids; therefore, you 
may need to activate the area plans and enter Reveal Hidden Elements mode in the view 
control bar. This will temporarily display reference planes in the exercise file. Deactivate 
the view and move the viewports into alignment with the guide grid. 


If you haven't noticed already, model views of the same scale will always snap to each other 
without any special grids. What you might not realize is that this also works between views of 
different types as long as they are of the same scale. For example, you can drag an elevation from 
the Project Browser onto sheet G102 and see how it snaps in relation to the plan. Sections can 
also be aligned with elevations and with plans. Even 3D views can be aligned with each other. 
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FIGURE 17.27 
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Adding the Schedule 


With the largest view, the area plan, on the sheet, you can use the bottom portion of the sheet to 
lay out your other views. For the second view, let’s add the area schedule you created. To do this, 
drag and drop it from the Project Browser in much the same way you added the area plan. The 
inserted view will look like Figure 17.28. You'll notice some differences in how this view looks 
from the way a schedule looks when it’s not on a sheet. Specifically, you can now see the header 
text and the fonts you chose in the schedule properties. You'll also be able to see the grid lines 
and their associated line weights from the Appearance tab of the schedule properties. 





FIGURE 17.28 
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With the schedule on the sheet, it looks a bit tight. You have the ability to redefine the column 
spacing so you can make any visual adjustments to the schedule while it is on the sheet to help 
it read better. These adjustments do not change the actual schedule—just its appearance on the 
sheet. 

To do this, highlight the schedule by selecting it. The schedule will turn blue, and you'll have 
a few new grips to help you make adjustments (Figure 17.29). The blue inverted triangles will 
allow you to modify the column widths. Grab them and drag them left or right to change the 
column sizing. 


¥ | 


FIGURE 17.29 
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You'll also notice a blue cut symbol on the schedule. This cut symbol lets you break the 
schedule into multiple vertical columns on the same sheet. This tool can be especially handy if 
you have a long schedule like a room schedule or door schedule and it has too many rows to fit 
vertically on your sheet. Selecting this tool will break the schedule in half (and you can break 
it into half again and again) so that you can take advantage of the horizontal real estate. If you 
choose to separate your schedule in this fashion, it will still retain all the necessary information 
and all the portions will continue to automatically fill themselves out dynamically as a single 
schedule would. You also have the opportunity to change the overall height of the schedule once 
it is broken up by grabbing the grips at the bottom of the schedule and dragging up and down 
(Figure 17.30). Doing so will draw or push rows from the adjacent schedule portion so that all of 
your information is continuous. 

To rebuild a split schedule—essentially returning it to a single list—select the schedule on 
the sheet so it highlights and the grips are displayed. Click one of the move icons and drag 
the split portion on top of the other schedule segment. The split schedule will then become 
whole again. 
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FIGURE 17.30 
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Finishing the Sheet 


Now that you have those two views on the sheet, it is a simple matter to add the remaining 
views. To add the wall legend you created, you will drag and drop it from the Project Browser in 
much the same way you did with the other two views. 

In this case, the wall legend came onto the sheet needing little modification. Following 
this same workflow, you can also add a drafting view from the imported detail to the sheet, 
completing G102 (Figure 17.31). 


FIGURE 17.31 
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The Bottom Line 


Document plans. With floor plans you can create visual graphics that help define how a 
space is laid out. However, Revit provides other tools such as area plans to help you describe 
space. 


Master It List the four types of area plans that you can create and note the two that 
Revit creates automatically. 


Create schedules and legends. Schedules are another view type; they allow you to 
show information about the model in a nongraphic format. Schedules can also be used to 
dynamically report quantities of elements inside the model. 


Master It Understand how to create schedules and report additional information about 
the elements in the model. How would you create a simple casework schedule showing 
quantities of types? 


Lay out sheets. Eventually in a project it will become necessary to create sheets that will 
become the documentation set. Knowing how to create a good sheet set provides you with 
another venue to communicate with contractors, clients, and other team members. 


Master It To properly create a sheet set, you need to understand the dynamics of adding 
views to a sheet. In the Revit environment, there is only one way to add views to a sheet. 
What is it? 





Annotating Your Design 


No set of documents is complete without the annotations to describe the drawings. Even when 
you are using a digital, parametric model, you still need to provide annotated documents. It is 
necessary to add dimensions, tags, text, and notes to the drawings to properly communicate 
with owners, contractors, and the rest of the design team. 


In this chapter, you'll learn to: 


Annotate with text and keynotes 


+ 


Use tags 
@ Add dimensions 


@ Set project and shared parameters 


Annotating with Text and Keynotes 


Notes are a critical part of communicating design and construction intent to owners and 
builders. No drawing set is complete without descriptions of materials and the work like the 
ones you can see in Figure 18.1. 

There are two ways to add notes to your drawings in Autodesk® Revit® Architecture 
software. Both are located on the Annotate tab and highlighted in Figure 18.2. One of these 
methods is the Text command (shown on the left), and the other is the Keynote command 
(shown on the right). 

The text object consists of a resizable field into which you can enter text with optional 
features, including leaders, bullets, or numbers. Text can be used for annotations, sheet notes 
(such as general notes), or legends; it can be used generally anywhere you need to add a 
description or a note. 

Keynotes are predefined text fields that are linked to elements and materials through a data 
file. Keynotes can be scheduled and standardized across the project but can’t be directly edited 
within the application. Both keynotes and text have specific uses. Let’s look at how both of these 
can be used in a project. 


Using Text 


Text is quick and easy to add to any view (including 3D views), and like other drafting elements 
it is view-specific. Text added to one view will not appear in any other location within the model, 
nor will the information that you insert into the text box hold any sort of parametric values. 

You can access the Text tool from the Text panel on the Annotate tab (shown previously 
in Figure 18.2). To begin adding text, select the Text tool and first observe the settings in the 
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FIGURE 18.1 
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contextual ribbon. You can specify an option for a leader, the position of the leader, and the 
justification of the text. It is easier to set these options before you place a text object, but they can 
always be adjusted later. 

After you have selected the most appropriate settings for your annotation, go to a place in a 
view where you'd like to place the text object. You will have the opportunity to use one of two 
methods to create the text object. If you click once, the location you clicked will be the origin of 
the text object and the text will not have a defined width. Using this method, you may need to 
use the Enter key to fit the text to your needs—pressing Enter will create a line break in the text 
box. This method may cause some difficulty in the future if you need to resize the text box or if 
you change the scale of the view. 

The other option is to hold down the left mouse button while you click to place the origin of 
the text. Then drag the mouse pointer to specify the boundary of the text object, creating a box. 
Don’t worry about the vertical extents of the boundary; you just need to set the width of the 
text box. Using this option gives you greater flexibility if you need to resize the text box or if the 
scale of your view changes, because the word-wrapping will be handled automatically. With 
the Text command active, you'll be presented with the standard mouse pointer crosshair, but it 
will have a small A in the lower right corner to let you know you are adding text and not other 
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elements. In either case, if you need to adjust the width of your text box, you can do so at any 
time using the grips. 

If you select one of the leader options in the ribbon before placing the text object, your first 
one or two clicks (depending on the leader option selected) will be to place the leader. For 
example, if you choose the two-segment line leader option, your first click will be the arrowhead 
of the leader. Your second click will be the elbow of the leader, and then the third click will 
be the beginning of the text box. At this third click, you can still drag the mouse pointer to 
predefine the width of the text box. Try this a few times until you become familiar with the 
implicit placement and snapping alignment of text objects and leaders. 

Once you place a text object in a view, you can write much as you do in applications such as 
Microsoft Word. Once you finish typing, click outside the text box. Your finished text box will 
look like Figure 18.3. 
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You'll also notice that once you finish with your initial text or you select an existing text 
object, a few tools are available with which you can modify the text: 


Grips The round grips on either side of the text box allow you to resize the width of 
the box. 


Move There is a move icon that appears in the upper-left corner of the text box. In addition, 
hovering your mouse anywhere within the highlighted text will also display a move cursor. 
You can click and drag from within the box or click the move icon on the upper-left corner 

to relocate it. When you're moving text with the move icon (or the Move command), the text 
and leader will relocate together. When you're moving text by dragging, the leader end will 
remain pinned while you relocate the text box. These methods let you move either the text or 
the text and the leader, depending on your need. 


Rotate The upper-right corner shows a rotate icon. Clicking this icon allows you to rotate 
the text box as you would any object in a project. Remember that text will always position 
itself to be read left to right if it is horizontal or bottom to top if it is vertical in a view. 


A text family behaves like other families because it maintains a parametric relationship 
throughout the project. Making type property changes to a text object in one location (changing 
font, font size, color, and so on) changes all the instances of that type throughout the model. To 
modify text type properties, select a block of text or choose the Text tool and then observe the 
Properties palette, as shown in Figure 18.4. 
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FIGURE 18.4 
Type Selector for text 
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The instance properties for text objects are rather limited and deal primarily with controls 
such as alignment, location, and so on, which you can also set on the ribbon. The Type Selector 
also allows you to select a different text type or edit the properties of the currently selected 
type. Click the Edit Type button to open the text family’s type properties. Figure 18.5 shows the 
properties for the default 1/4” Arial text type. 


FIGURE 18.5 
Type Properties dialog 
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In the Type Properties dialog box, you have more control over the style of the text. Here 
you can modify typical text properties, such as font, size, and width factor. You can also add 
formatting to the text, such as bold, italic, and underline. Other important settings to consider 
include Show Border, Background, and Leader Arrowhead. The Show Border property simply 
allows all text object instances to be enclosed with a line boundary. The Background property 
can be set to either Opaque or Transparent, which will control whether the text will obscure 
objects beneath it. Finally, the style of leader arrowhead is defined in the text type properties to 
help you maintain consistency throughout your design documents. 


CONTEXTUAL TEXT FORMATTING 


When any text object is selected in a view, additional formatting tools become available on the 
ribbon. The Format panel is divided into four sections that allow you to modify the instance 

of the text you've placed. Figure 18.6 shows the Format panel when the overall text object is 
selected and when you activate the text within the object. Let’s look at this panel in more detail 
to better understand the toolset: 


FIGURE 18.6 i 
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Leaders The leftmost section of this panel (A) allows you to designate the type and style 
of leader you want to add to your text box. When you activate the Text tool, the upper-left A 
is selected by default (as in Figure 18.6), which designates that no leader is currently added. 
The other choices all add a leader to the text. Reading from left to right, the options are no 
leader, a single-segment leader, a double-segment leader, and an arc leader. Leaders can be 
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added at any time when you're placing or editing text and can also be removed at any time. 
Remember that when you're removing leaders, they will disappear in the order in which they 
were added. 


Leader Location The second portion of this panel (B) dictates leader location. Leaders can 
be added to the left or to the right and at the top, middle, or bottom of the text box. The top 
example in Figure 18.7 shows the default with a left leader springing from the upper left of 
the text; leaders that spring from the right side typically come from the end of the text box 
(at the bottom). A double-segment leader springing from the left and right will look like the 
example shown in Figure 18.7. 
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Format The third portion of the Format panel (C) controls the format of the text. These 
features—align, bold, italicized, and underline—can also be added to the type properties of 
the text family by clicking Edit Type in the Properties palette; however, you can add them to 
individual text within a text object by using the contextual ribbon. 


Bullets The rightmost portion of the Format panel allows you to add a formatted list to the 
text box. By default, this style of formatting is not added, but by selecting the text box or the 
text within the box, you can add bulleted, numbered, or alphabetical lists to the text. 


Using Keynotes 


Keynotes are annotations that use a parameter to connect specific elements or materials in the 
model to descriptive information stored in an external TXT file. You can control the formatting 
of the keynote’s font style, size, and justification in the same manner as you can format standard 
text, but keynotes are essentially a tag family. Formatting changes must be made in the 
keynote’s family (RFA) file and reloaded into the project. 

Inserting a keynote allows you to choose a value from the TXT file and apply it to a material 
or element. Because keynotes act as families, they can also be scheduled where standard text 
cannot. Before we discuss how to add different keynote types, we’ll explore the various ways a 
keynote can be displayed. 

Without official corroboration from Autodesk, it appears that the keynoting functionality 
was designed to support the American Institute of Architects (AIA) proposal of the 
ConDoc system, in which a short numeric reference (usually based on MasterFormat by the 
Construction Specifications Institute) followed by a two-letter suffix is used to label elements 
in a drawing. The keynote then references a list or legend that is located on the same sheet as 
the note and has a longer definition of the note. For example, a keynote on a detail might read 
033000.AA, with a leader pointing to an element in the drawing. The associated list on the 
side of the sheet would read CAST IN PLACE CONCRETE. Figure 18.8 shows an example of a 
keynote legend. 
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FIGURE 18.8 


A keynote legend KEYNOTE LEGEND 
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Despite the intended use of a keynote, you are not restricted to using only the numeric code. 
You can also display the full, written description directly within the detail or view without 
the numeric reference key. Figure 18.9 shows an example of keynotes that display the full 
description instead of the key. 
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There is no wrong way to use keynotes, and Revit supports both methods of using them for 
annotation. Regardless of the method you use, keynotes will adhere to the same process for 
use. Once an element is tagged with a keynote, it will retain that keynote in all other views in 
the model. If an element has been tagged with a keynote in one view and is then annotated in 
another view, it will automatically display the same keynote value. This can become a powerful 
tool you can use to add consistency throughout the project for annotated elements. 
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The Keynote command is located on the Annotate tab in the ribbon. When you select the 
Keynote tool, you have three options: 


Element Use Element keynotes to annotate elements and assemblies within the model, 
such as walls, doors, floors, or other family instances. This type of note is typically used if 
you want to annotate an entire assembly (such as a wall, roof, or door). Moving the Element 
keynote leader arrow off the object will change the value of the note based on the element to 
which it points. The keynote value for a family type can be preset within the family. We’ll go 
into that later in this chapter. 


Material Using the Material keynote type will allow you to annotate specific materials 
within any elements. You can add notes for materials like concrete, gypsum board, rigid 
insulation, metal studs, and so on. Moving the Material keynote leader arrow from one 
material to another will change the value of the note based on the material to which it 

points even if it’s within the same element. So, a wall with multiple materials can have 
several Material keynotes. Material keynotes can also be predefined as part of your project 
template through the Materials tool on the Manage tab. Material keynotes can also be used in 
conjunction with Element keynotes (Figure 18.10). 
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User User keynotes are different from Element and Material keynotes because they are 
view-specific and cannot be predefined. Although they are still tied to the same TXT file and 
will update in the same manner as other keynotes, they are not associated with any model 
objects. User keynotes are meant to be used for all the instances when you don’t have a 
modeled element or material but you still need to define a note. Some examples of things you 
wouldn't necessarily model might be sealant, backer rod, or flashing. 
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User keynotes are used primarily in drafting views. To use any keynote, a given view must have 
at least one model element or component visible within it. In the case of a drafting view, you will 
need to insert a 2D component (such as wood blocking or a steel stud) because keynotes cannot 
be used to note linework. Because User keynotes are not locked to specific model geometry, 

once they are inserted they can easily be copied or moved around within the view and pointed 
toward any element. In this way, if you have sealant or flashing shown as linework, you can 

add a User keynote to the view and then adjust the note leader and the note value to call out 

the sealant properly. You can change the value of a User keynote at any time simply by double- 
clicking the note value; this modification will not affect any other notes within the project. 


You can use all of these note types in conjunction with one another. Using an Element note 
to add a keynote to a wall doesn’t mean you cannot also use a Material note to call out the 
individual materials in the wall assembly. 


ASSIGNING KEYNOTES AND EDITING 


A core concept of the Keynote tool is how the notes react within the model. Assigning a keynote 


to an object lets you associate a text or numeric value with a family’s keynote type parameter. 
This value is consistent for every instance of that element within the model or project. For 
example, all walls have a type parameter called Keynote that lets you set the keynote value. 
If you keynote a wall anywhere within the model, the keynote value in the type parameter 
will reflect that note. Consequently, any other wall of that type will be prepopulated with that 
keynote value. Changes to this keynote value will dynamically update the type parameter value 
and update any keynotes placed within the model tagged to this wall. 

All keynotes within a project are tied to an external TXT file. This TXT file is the only location 
where the value of the keynotes can be edited. You can modify this file at any point to add or 
remove notes, and you can make the edits while the project is actively open. Figure 18.11 shows 


a sample of the file. 


FIGURE 18.11 
The keynote TXT file 
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This external file is designed to keep the annotations consistent by storing them in one 
repository. Every time you add or change a note value and reload the TXT file back into the 
Revit model, all the keynotes dynamically update. 

You can edit this TXT file or add one to the project at any time. You can have multiple 
keynote files for various projects, but you can have only one TXT file associated with a project at 
a time. You cannot assign multiple keynote files to one project model. 


MANAGING KEYNOTES 


A great way to ensure consistent use of notes throughout multiple projects is to create a master 
keynote file for each of your various project types. This master note list can be linked to elements 
and materials within your project template so that you can immediately begin inserting common 
notes into any project. Because this master list will likely be quite long, project teams can make 
a copy of the list and place it in their project directory. They can then safely delete the notes they 
won't be using over the course of the project, giving them fewer options to hunt through when 
they need to adda keynote. 


A single keynote file also gives project management a level of control over the consistency of the 
notes that you won't be able to get if you use regular text. Spelling accidents or mislabeling can 
happen in a project when you use regular text objects. For example, it’s easy to overlook a note 
that reads CIP CONCRETE on one detail and CAST-IN-PLACE CONCRETE in another. By placing 
all the notes into one file, the project manager or project architect has better control over how the 
note reads, thus ensuring consistency throughout all the sheets and details. 


Because the keynote list is a separate TXT file, if you are transferring files to other offices 
or clients, you may need to include the TXT file along with the RVT file. If you don’t send the 
TXT file, others will be able to see all your keynotes but they won't be able to change or edit 
any of them. 


USING THE KEYNOTE FILE 


Three default keynote text files are available at the library locations. In Windows 7 or 
Windows 8, they are found at C:\ProgramData\Autodesk\RVT 2016\Libraries\US 
Imperial\ (there is also a default keynote file in the Metric folder). Another way to find 
these files is to start a new project using the default template and go to the Annotate tab. 
Click the Keynote drop-down arrow on the Tag panel and select Keynoting Settings. In the 
Keynoting Settings dialog box, click the Browse button and you will be taken to the default 
library location. 

These four keynote files are called RevitKeynotes_Imperial.txt, RevitKeynotes_ 
Imperial_2004.txt, RevitKeynotes_Imperial_2010.txt, and RevitKeynotes_Metric 
.txt. You can edit any of these files in Notepad or Excel and follow the format already 
established within the file. Let’s look at the format of this file so you can understand how to 
customize the keynotes. 

The first few rows of the file (Figure 18.12) designate the grouping of the notes. In this 
example, they consist of a label (Division 03) followed by a tab and then a description 
(Concrete). 
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FIGURE 18.12 Division 03 Concrete 
The keynote TXT file 030000 Concrete Division 03 
header 033000.AA_C.I.P. CONCRETE (033000) 039000 








Directly below this header is a secondary, or minor, grouping. This secondary grouping 
follows the same format as the primary group and provides better control over how the 
keynotes are displayed within Revit. This line follows the same format as the first: Label 
(033000), then a tab, then a description (Concrete), then another tab, and then a reference to the 
parent code (Division 03). This last entry must match the label in the line above. This designates 
the second line as a subset to the first line. You can add as many or as few subgroups as you’d 
like. In our case, we have subcategories for each division, but that’s not necessary. 

Below the grouping are the contents of that group. These lines are articulated in the 
following format: 


Label [tab] Description (note body) [tab] Grouping 


In the example shown in Figure 18.12, this reads as follows (where the [tab] is an actual tab, 
not the text): 


033000.AA [tab] C.I.P. CONCRETE (033000) [tab] 033000 
To get an idea of how this will all look once loaded into Revit, Figure 18.13 shows you the 


Keynotes dialog box with Division 03 expanded. 


FIGURE 18.13 
The Keynotes dialog 
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FIGURE 18.14 
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Using the keynote file approach lets you add, remove, or edit notes and groups of notes. It 
might seem frustrating to have to open and load a separate TXT file every time you want to add 
or remove notes from the keynote list. However, remember that this also maintains consistency 
and a level of control over the master list that isn’t available with simple text objects. Although 
it might be slow at stages to get all the project notes into the TXT file, it also means that the time 
you'll spend checking and verifying the notes is dramatically reduced. 

If you find that editing keynotes in an external TXT file that is segregated from the project 
environment does not suit your needs, tools are available online to help you manage keynotes 
using a graphical interface. Revolution Design has created a tool called Keynote Manager 
(www. revolutiondesign.biz) that will manage your keynote list, create headings and 
subheadings, and format the TXT file in a way that Revit can read it. Tools like this are great 
for speeding up the editing process for keynotes and maintaining proper formatting of the 
TXT file. 


ACCESSING KEYNOTE SETTINGS AND LOADING THE TXT FILE 


Now that the keynote TXT file is established and you've begun populating it with annotations, 
you need to link it to your project. Loading this file into the project is simple and needs to 
happen only once. Additionally, loading this keynote file is a project setting, not a user setting. 
Once the file is linked, all team members will have access to the keynotes. As a side note, if you 
are working in a team environment, make sure to place the keynote file in a location everyone 
has access to, like a network resource. Placing it on your C: drive will allow you access to it but 
will not allow others on your team to see the notes. 

To access the keynote settings and load the keynote text file, go to the Annotate tab in 
the ribbon, locate the Tag panel, and then click Keynote > Keynoting Settings, as shown in 
Figure 18.14. 
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This command will open the Keynoting Settings dialog box (Figure 18.15). Here, you can 
define the project’s keynote file as well as adjust some other settings. To load the keynote file, 
click the Browse button and navigate to the TXT file you created. 
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FIGURE 18.15 
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Here are some other variables that you can set in the Keynoting Settings dialog box: 


File Path File Path defines how Revit Architecture looks for your text file using one of three 
methods: 
Absolute The Absolute option follows the UNC naming conventions and navigates 
across your network or workstation for a specified location. 
Relative This option locates the text file relative to your RVT project file. If you move 
the RVT file and the text file and maintain the same folder structure, the keynote file will 
be found and automatically loaded. 


At Library Locations This option lets you put the text file in the default library location 
defined in the File Locations tab of the Options dialog box (Application > Options). 


Numbering Method Numbering Method defines how the keynotes are numbered: 
By Keynote This option allows you to number keynotes as they come from the associ- 
ated text file. 


By Sheet With this option enabled, the keynotes are numbered sequentially on a per- 
sheet basis. 


LOADING OR RELOADING KEYNOTES 


Once the keynote TXT file is loaded into Revit, it is available for the team to use. As we’ve men- 
tioned, changes can be made to this file on the fly while the project is open and active. Although 
this is true, if changes are made to the keynote file while the project is open, the keynote file will 
need to be reloaded into the project for the changes to be visible to other team members. There 
are two ways to do this: 


@ Open the Keynoting Settings dialog box and click the Reload button. Once this is done, you'll 
need to use Synchronize With Central (if the project is workshared), and your team members 
will also need to use SWC to gain access to the changes. 


@ Close and reopen your project file. 
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ADDING KEYNOTES 


Download the project file c18-Sample-Building-Start.rvt and the keynote file MARA_ 
Keynotes.txt from the folder for Chapter 18 on this book’s web page at www. sybex. com/go/ 
masteringrevitarch2016. Make sure you place them in the same folder on your computer 
because the path setting for the keynote file is set to Relative in the RVT file. Open the RVT 
project file to begin the exercise. 

To add keynotes to an element in a project model, choose one of the three keynote types from 
the Annotate tab; then select the object you want to annotate in your view and insert a keynote. 
The sequence for inserting keynotes is arrowhead, leader segment, and then keynote. Similar to 
placing a tag, the Keynote command (even the User keynote) requires an object to be selected to 
start the insertion sequence. If the object doesn’t have a note already defined, you'll be prompted 
to pick a note from the Keynotes dialog box. Figure 18.16 shows a sample of this list. 


FIGURE 18.16 
Choosing a keynote to 
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Let’s explore this functionality with a quick exercise in which you will annotate a detail with 
keynotes. Follow these steps: 


1. From the Project Browser, expand the Sections (Wall Section) heading and activate the 
view named Window Sill Detail. 
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2. Goto the Annotate tab in the ribbon and select Keynote > Element Keynote on the Tag panel. 
3. Select the window in the view and then place the leader and keynote. 


You will see that the keynote code has already been populated because the keynote has 
already been defined in the type properties for the window family. 


4. With the Element Keynote command still active, click the wood sill detail component 
and place another keynote. This time, the Keynotes dialog box will appear because no 
keynote was defined in the wall’s type properties. Select the keynote labeled 061100.AA 
and then close the dialog box. 


5. Go back to the Annotate tab in the ribbon and select Keynote > Material Keynote. 


6. Select the cross-hatched material at the right side of the wall below the window. Again, the 
Keynotes dialog box will appear because a keynote value was not defined in that material's 
identity data. Select the keynote labeled 071300.AA and then close the dialog box. 


The results will look like the image in Figure 18.17. 
FIGURE 18.17 


A section detail with 
keynotes applied 






061100.AA }—~ fe 
/ VAA 071300.AA_ 


CREATING KEYNOTE LEGENDS 


Depending on your choice of keynote and your workflow, you might want to create a legend on 
each sheet for your notes. You might want only the keynotes that are shown on a given sheet to 
appear in the legend. Or you might want to have one legend that will show all keynotes used 
throughout the project. 

These legends usually reside on the side of a sheet near the title block information and can 
take one of two forms. The first type is all-inclusive and shows every note within the project. This 
style has the benefit of consistency between sheets in the set. The same note will always be in the 
same location in the list; however, this type of list can become quite long for larger projects. The 
other type of keynote list includes only the notes that show up on a particular sheet. This has the 
advantage of supplying a list of notes customized for each sheet without extraneous information. 
Creating either list manually has traditionally been challenging. One of the benefits of Revit 
Architecture is the ability to completely automate either list type, thus removing much of the 
chance for error in the process. Let’s review how to create both types of lists. 

Creating a keynote legend is simple: Choose the Legends button on the View tab and select 
Keynote Legend from the drop-down list (Figure 18.18). Once you launch the command, name 
the keynote legend, and then click OK. 
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FIGURE 18.18 
The Keynote Legend 
button 
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You'll be presented with what looks like a typical schedule dialog box, called Keynote Legend 
Properties. There are only two fields available in a keynote legend, and by default, they are both 
loaded into the Scheduled Fields side of the Fields tab (Figure 18.19). Those fields are as follows: 


Key Value This field contains the numeric value of the keynote. 


Keynote Text This field contains the text description for the keynote. 


FIGURE 18.19 eee ok way 
The Fields tab of ye Oe ea eee s m n 


the Keynote Legend Fields | Filter ‘Sorting/Grouping Formatting | Appearance | es 


Properties dialog box 


Available fields: Scheduled fields (in order): 


dd --" Key Value 
- | Keynote Text 


Remove 


Add Parameter... 





Calculated Value... 








Edit... Delete Edit... 


Select available fields from: 


Keynote Tags wea Move Up Move Down 


Indude elements in linked files 











A keynote legend works like any other schedule as far as formatting and appearance go. By 
default, the sorting and grouping are already established because the key value is used to sort. 
The one special item of note is located on the Filter tab. At the bottom of this tab is a feature 
unique to this type of schedule: a Filter By Sheet check box (Figure 18.20). Selecting this box 
gives you the ability to filter the list specifically for each sheet set; leaving the box deselected 
will supply a full list of the keynotes over the entire project. 
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FIGURE 18.20 


The Filter By Sheet ‘Keynote Legend Properties 
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Like any other type of legend, a keynote legend can be placed on sheets again and again 
within the project. You're not limited to only one instance of the legend on a sheet as you 
are with other view types. Additionally, if you choose the keynote legend that filters by sheet, it 
will dynamically modify the note list based on individual sheet contents. As views are added or 
removed from a sheet or notes are added to the project, the keynote legend updates accordingly. 
Keynote legends are considered to be another type of legend view and will appear under the 
Legends node of the Project Browser. 


A SCHEDULE FOR KEYNOTES 


Creating a schedule for keynotes is a great way to find single-use notes and typos in a project. If 
you are working on a project team, there’s always a chance that someone could be inserting an 
incorrect keynote into the project. Scheduling the notes is an efficient approach to managing the 
annotation process and gives you the tools to verify consistency. Scheduling keynotes allows you 
to do three things: 


@ List all the notes within a project and verify their spelling and accuracy. 


@ Find odd or one-off instances. Sometimes this can mean the note was accidentally placed in 
lieu of another note. 


@ Make sure all the keynotes in the project are represented in the specifications. 
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USING THE KEYNOTE FAMILY 


Revit Architecture comes with a default keynote family that allows you to produce both 
keynotes and text notes using the default keynote TXT file. The family name is Keynote 
Tag.rfa. This family has four types that let you change note styles within the project, as 
Figure 18.21 shows. 


FIGURE 18.21 03 31 00.M1 
Keynote styles 
available in the ' 03 31 00.M1 
default tag . | 

03 31 00.M1. 





8" Cast-in-Place Concrete Wall 








Here are the four default styles: 

@ Keynote Number 

@ Keynote Number - Boxed — Large 
@ Keynote Number - Boxed — Small 
@ Keynote Text 


Each of these tag types pulls information from the text file we discussed previously in this 
chapter and reports it at the end of the leader. To change your keynotes between any of these 
options, select the keynote and choose a different type in the Type Selector. 


Annotating with Tags 


Tags are text labels for elements such as doors, walls, windows, rooms, and several other objects 
that architects typically need to reference in a set of drawings. In Revit Architecture, tags are 
intelligent, bidirectional graphics that report information stored in an object’s properties. Once 
you've tagged an element and entered a value in the tag, the tagged model element will retain 
that value until you remove it. The value lives with the model elements in a project; it is not a 
property of the tag. That means you can delete or remove tags without fear of losing the data 
entered into the tag. It also means that once an element is tagged with information in one view, 
if the tag is configured to report a type property, the same or similar elements will report the 
same information in any other view in which they are tagged without the necessity of entering 
the information twice. To explain this a bit better, take the example of a wall tag. 

You've placed a wall tag in a view. The tag initially had “?” as a value, meaning that the Type 
Mark property for that wall was blank. In the wall tag, you’ve entered a wall type value of A1. 
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In another view, you can now tag the same wall type and it will automatically display a value of 
Al. You can also delete any, or even all, of the tags for that wall, and new tags you place will still 
report the type number of A1. 











Keep in mind that you can also tag elements that are in linked models. Although you cannot 
edit the properties of these elements (for example, you cannot change the wall type or door 
number), you can add tags to any of the linked elements as if the same elements were part of 
your project file. 

Tags are versatile elements for annotating your designs. A tag can display a door number, but 
it can just as easily display any other properties of the door, such as fire rating, cost, or material 


type. 


Inserting Tags 


Tags can be automatically inserted when a model element, such as a door or room, is placed 
within the project (by checking the Tag On Placement option in the contextual tab of the ribbon), 
or they can be inserted later. The options to place a tag are all located on the Tag panel of the 
Annotate tab (Figure 18.22). 








FIGURE 18.22 
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When you're adding tags, it’s not necessary to find or choose the right tag—they will be 
assigned automatically. Tag families are specific to the elements to which they are being 
tagged. For example, you use a door tag to tag a door, but you can’t use a door tag to tag a 
wall or other element within the project. Figure 18.23 shows you some of the tags that are 
available; there is a tag for each type of object. You can customize each of the tag family 
types so you can graphically differentiate your door tags from wall tags, room tags, area tags, 
and so on. 
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FIGURE 18.23 [ad Callout Head.rft 
Listing of various tag Lay Data Device Tag.rft 
families [ad Door Tag. rft 


Lag Electrical Device Tag.rft 
Electrical Equipment Tag. rft 
ig Elevation Mark Body.rft 
pag Elevation Mark Pointer.rft 
hag Fire Alarm Device Tag.rft 
ag Generic Annotation. rft 
Lay Generic Tag. rft 
rag Grid Head. rft 
ag Level Head. rft 
aq Multi-Category Tag.rft 
Lg Room Tag.rtt 
ig Section Head. rft 
hay Spot Elevation Symbol. rft 
Lay Telephone Device Tag.rft 
View Title.rft 
Window Tag.rft 


When inserting a tag, you'll have several placement options available in the Options bar, as 
shown in Figure 18.24. 





FIGURE 18.24 


. Modify|Tag [© Horizontal ~ | Tags... | [V] Leader Attached End 
The Options bar when Ow Too o 


x | 1/4" 


placing a tag 


Orientation The first option allows you to orient the tag horizontally or vertically. Tags, like 
text, will always read from either the bottom or right side of the sheet or view. 


The Tags Button Clicking this button opens the Loaded Tags and Symbols dialog box, 
where you can load various tags. 


Leader The final three options relate to the tag leader. You can select the Leader check box 
(or turn it off) to have a leader show (or not show). Although attached leaders are the default 
for tags, the Leader drop-down can be changed from Attached End to Free End if you don’t 
want to associate the end of the leader with the element you've selected. Using the Free End 
option allows the leader to float free of the object. The final option of this set for leaders is the 
default leader length. By default, the value is set to 1/2” (12 mm). When you're placing tags 
like wall tags that have leaders perpendicular to the wall they are tagging, it is a good idea 
to set a default length with which you are comfortable. You can adjust the tag location after 
inserting them, but sometimes it’s easier to set a good default value in leader length. 


Certification Using the Tag Toolset 


Objective On the Annotate tab, you'll find several tools that you can use to insert tags. Look back at 


Figure 18.22 to see these tools. Each has a different purpose and can be used in conjunction with 
other tools or separately to help document your project. Let’s take a look at each one: 
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Tag By Category The Tag By Category button is possibly one of the most frequently used 
Tag commands. As we mentioned before, several tags are available, allowing you to tag a 
host of elements in the model. Click the Tag By Category button when you want to tag one 
element at a time, regardless of its category. 





Using this tag command will allow you to select a door, a window, a wall—whatever single 
element you want to apply a tag to in the model. As you hover over elements, the tag type that 
corresponds to that element will be shown. Should the element you are trying to tag not have 
the associated tag loaded in the project, you will be prompted to load it (Figure 18.25). 








FIGURE 18.25 nerit 


Loading a tag for a 
specific element type There is no tag loaded for Windows. Do you want | 


to load one now? 





Tag All The Tag All button, which activates the Tag All Not Tagged command, will do 
fo exactly that: tag all the untagged elements of a selected category within a given view. For 

Tag example, you can tag all the doors. Or you can tag all doors, walls, and rooms—or any 

All combination of any list of elements. When you select the Tag All command, the Tag All Not 
Tagged dialog box will appear (Figure 18.26). This dialog box displays a list of the elements in 
the view for which you have already loaded tags. Here, you can specify which elements can 
get tagged, what tag will be used, and if that tag will have a leader assigned to it. Use the Ctrl 
key on your keyboard to select more than one element from the list. When you've selected the 
categories you would like tagged, click OK. 


Tagging all the elements within a view can be a wonderful time-saver—but only if you're 
okay with the software choosing the location for each of the tags. For example, the tags will 
be placed in the middle of the rooms. For most spaces, that will work just fine. For other tag 
types, such as walls or doors, you might have to adjust tag locations to make sure everything 
reads properly. 


Room Tag and Area Tag These two tag types work in much the same way. They will tag 
the room elements or area elements, depending on the type of view in which you happen 
to be. In other words, Room tags will work only in plans and elevations, whereas Area tags 
can be placed only in area plans. To tag rooms or areas, simply select the tag type you want 
and select the room or area object. When you place rooms or areas initially, the tag option is 
selected by default. 


Material Tag The Material tag is used to annotate specific materials within a model 
element, similar to the Material keynote. The main difference from the keynote is that the tag 
does not use an external TXT file to read additional information about the tagged element. 
The default Material tag will display the Material Description value (Figure 18.27, left) as 
opposed to the Keynote value. You can always customize the Material tag to display other 
values such as the Mark, as shown in Figure 18.27 (right). 
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FIGURE 18.26 
Tag All Not Tagged 


dialog box Select at least one Category and Tag or Symbol Family to annotate 
non-annotated objects: 
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Multi-Category Tag The Multi-Category tag allows you to use the same tag style in a 
project to tag elements of different categories. This tag type can be useful in a number 

of ways. Let’s say you want to tag several elements in a floor plan and call out their 
manufacturer and unit cost. Typically, you would have to create a few different tag families 
to tag furniture, casework, lighting, and so on. Now a single tag type can do this for you by 
tagging the same field (like manufacturer or unit cost) across different element types. Let’s 
step through making a Multi-Category tag. 
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From the book’s web page, download the c18-Sample-Building-Start.rvt or c18- 
Sample-Metric-Start.rvt file or continue with the exercise file from the previous section. 
Then follow these steps: 


1, 
2. 


3. 


4. 


FIGURE 18.28 
Adding parameters to 


a label 


5. 


Activate the Level 1 floor plan. 


Click the Application menu and choose New > Family. This will take you to the default 
family templates. Open the Annotations folder and choose Multi-Category Tag 
.rft or Metric Multi-Category Tag.rft. 


In the Family Editor, go to the Create tab and select the Label tool. Click near the inter- 
section of the reference planes in the view to place a label. 


Once the label is placed in the view, the Edit Label dialog box opens (Figure 18.28). 
Here you'll see a list of the parameters that are common across multiple family types— 
Assembly Code, Cost, Family Name, and Model, among others. Select Manufacturer 
and Cost from the list and click the icon with the green arrow to add them to the Label 
Parameters list. Make sure the Manufacturer parameter is above the Cost parameter 
(you can do this by selecting Manufacturer and then the Move Parameter Up button). 
Select the Break option in the Manufacturer row, as shown in Figure 18.28. Click OK to 
close the dialog box. 
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Save the family as MfrCost.rfa and then click the Load Into Project button in the rib- 
bon. If you have multiple project files open, select the c18-Sample-Building-Start 
project file when prompted. 


Back in the project file, switch to the Annotate tab in the ribbon, locate the Tag panel, 
and then click the Multi-Category button. Click one of the chairs in the space named 
LOUNGE. When the tag is placed, you will see a question mark, indicating that this 
element has no predefined value for either Manufacturer or Cost. Press the Esc key 
twice or click Modify to exit the Tag command, select the tag you just placed, and then 
click the question mark. 
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Certification 
Objective 


7. The Change Parameter Values dialog box (Figure 18.29) opens. This dialog box is used 
only when a tag has multiple parameters assigned to a single label. Otherwise, you 
would usually be able to type a value directly into a tag. Enter values for both 
Manufacturer and Cost, and then click OK. You'll get a dialog box stating that you're 
changing a type parameter that could affect many other elements. Click Yes and then 
OK to accept that change. 


FIGURE 18.29 
Changing the 
parameter values 


Manufacturer 


Cost 1 120.00 





8. As you hover your mouse over other elements in this view, you'll notice the same 
behavior as with other tags. Elements that have predefined values will show the tag 
filled in while elements without values will have question marks. Add a few more tags, 
and you can begin to see some of the versatility of the Multi-Category tag. 


Adding Dimensions 


Dimensions are used to convey the distance or angle between elements or parts of elements. 

In Revit, a dimension is a bidirectional annotation, which means that you can edit the distance 
directly within the dimension string to move elements a specific distance apart and the 
dimension updates automatically as the distance between elements changes. Dimensions are 
annotations, making them view-specific elements that appear only in the view in which they’re 
drawn. The Dimension tools are located on the Annotate tab. 
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Dimension Y 


Like all annotations in Revit, dimensions will automatically adjust to the scale of the view. 
If you change the view scale, the dimensions automatically resize. By default, a linear string of 


Certification 
Objective 


FIGURE 18.30 Auto Dimension | or 
Changing the Auto 
Dimension option 
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dimensions only dimensions parallel entities. Nonparallel elements by their very nature have 
a dynamic dimensional relationship. Dimensions in Revit Architecture always read from the 
bottom or from the right, following standard architectural sheet layout conventions. 

To place a dimension, choose any Dimension tool and begin selecting multiple entities. 
You can keep selecting multiple entities in any sequence, creating a dimension string across 
your view. Click anywhere in an open area of the view to finish selecting entities and place the 
dimension string. 





When any Dimension tool is active, you will see two settings available in the Options bar 
that are specifically related to walls. The first drop-down list allows you to specify the default 
method for dimensioning wall geometry. You can choose from wall centerlines, wall faces, 
center of core, or faces of core. This setting merely establishes the defaults—what will be 
selected when you first click a wall with the Dimension tool. If you need to select a different 
part of a wall, hover the mouse cursor over a wall segment and then press the Tab key to cycle 
through the available options. Each part of the wall segment geometry will highlight at the 
mouse pointer as you continue to repeatedly press the Tab key. 

The second option allows you to pick either individual references (default) or entire 
walls. When the Entire Walls option is selected, click the Options button to modify the Auto 
Dimension settings, shown in Figure 18.30. In this example, we have chosen to dimension 
opening widths as well as intersecting walls. The dimension string shown was placed with a 
single click on the exterior wall! 


Select references: 
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Once a dimension string is placed, you have several options to customize the string, 
the dimension values, and the witness lines (the linework that makes up the dimension). 
In Figure 18.31, you can see a typical aligned dimension string that has been selected after 
placement. Let’s take a look at each of the available controls: 
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FIGURE 18.31 
Controls for 
dimensions 
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Dimension Value Grip To adjust the position of any of the dimension values, especially 
for shorter dimension strings where the value might overlap the witness lines, click and drag 
the dimension value grip to relocate the text. The leader settings associated with dimension 
values are found in the dimension type properties. If you need to reset the position of the 
dimension value, right-click the dimension string and select Reset Dimension Text Position 
from the context menu. 


Extension Line Grip The predefined distance that separates the dimensioned object from 
the beginning of the extension line is specified in the dimension type properties as Witness 
Line Gap To Element; however, you may need to manually adjust the extension line in some 
circumstances. Click and drag the extension line grip, and you will also notice that the grip 
will snap into place near the predefined distance if you need to return the extension line to 

its original gap distance. 


Witness Line Grip The grip on each extension line that is closer to the dimension string is 
the witness line grip. This control allows you to move the witness line to a different entity. 
Click and drag this control to another object in the project and the dimension string will 
automatically update. 


Dimension Value Constraint The lock symbol allows you to preserve a dimension value so 
that it cannot be changed unless the constraint is removed. This functionality can be used to 
preserve dimension values for minimum widths of corridors, floor-to-floor heights, and other 
special features of your designs. As powerful as this feature is, you should use it only when 
absolutely necessary, because an overly constrained model can create problems you may have 
difficulty unraveling. Remember, with great power comes great responsibility. 


Dimension Equality Toggle Another powerful control included with dimensions is the 
ability to set all the values of a selected dimension string to be equal. And because the 
dimension is a bidirectional annotation, the model elements associated with the dimensions 
will be spaced equally as well. 
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Using Dimension Equality 

When you choose to use the dimension equality toggle, there are a few unique options to customize 
how the values are displayed. In the type properties of a dimension style, you can specify the 
default text displayed as well as a formula and how the witness lines are displayed (Figure 18.32). 


FIGURE 18.32 
Equality settings in 
the dimension style 
type properties 
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When you click the Equality Formula button, you can specify a customized string of values to 
best express the intention of the equality. In the example shown in Figure 18.33, the parameters 
Number Of Segments, Length Of Segment, and Total Length are selected with suffix symbols to 
display the complete result in the dimension string, as shown at the bottom of the figure. 
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For any dimension string instance, you can choose from one of three options to display equality. 
From the Properties palette, the options are Value, Equality Text, and Equality Formula (Figure 18.34). 
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Customizing Dimension Text 

One of the main benefits of dimensions in Revit Architecture is that they cannot be overridden 
to display a different length or angle other than what is actually being measured. This may 
come as a shock if you have used Autodesk® AutoCAD® software in your past experience, but 
this restriction is necessary to maintain the integrity of the building information model. 

Even though you cannot override the value of the dimension, you have the ability to either 
append some text to a dimension value or override the length or angle with a text string. To 
access these settings, double-click any dimension string to open the Dimension Text dialog 
box. In the example shown in Figure 18.35, the text HOLD has been added to appear below the 
dimension string, indicating that the dimension is to be maintained during construction. 


Note: this tool replaces or appends dimensions values with text and has no effect 
on model geometry. 


FIGURE 18.35 
Custom text appended 
to a dimension value 
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You'll notice the option Replace With Text at the top of the Dimension Text dialog box. You 
might think you can override the dimension value with a string representing another length or 
angle value, but a warning will prevent you from entering any numeric values. 


Specify descriptive text for a dimension segment 
instead of a numeric value. 


To change the dimension value for a length or angle of a 
segment, select the element the dimension refers to, and click the 
value to edit it. 





The Replace With Text option can be used to indicate various conditions for the purpose of 
construction tolerances. For example, you may have a series of similar conditions where new 
construction abuts existing conditions and you simply want the dimension to display VARIES, 
as shown in Figure 18.36. 
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USING DIMENSIONS TO MODIFY GEOMETRY 


We have trained hundreds of new Revit Architecture users through the years, and one of the most 
misunderstood concepts is how to use dimensions to modify model geometry. We just discussed the 
method for customizing dimension text, but users often will use this same method to make a change 
to model elements. This results in frustration when all you get is the Dimension Text dialog box. 


(continues) 
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(continued) 


To develop a clearer understanding of this concept, remember that a simple dimension string is a 
measurement between two objects. If you select the dimension, the software does not know which 
object you are intending to move. Instead, pick the model element first and then select an associ- 
ated dimension to change its value, and the element will be moved. 
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Editing Dimension Strings 
As you continue to annotate your project with dimensions, you will likely need to edit 
dimension strings to combine, split, or add new witness lines. Most of these editing functions 
can be done with the Edit Witness Lines command. You will find this command in the 
contextual ribbon when you select a dimension string in a view. 

Let’s walk through each of these dimension-editing scenarios with some exercises. 
Download and open the file c18-Dimensions-Start.rvt or c18-Dimensions-Metric- 
Start.rvt from this book’s web page, and then follow these steps: 








| Witness Lines 


1. Activate the Level 1 floor plan and zoom in to the lower-left portion of the layout. You will see 

that some dimensions have already been placed and you will need to edit them (Figure 18.37). 

FIGURE 18.37 i 
Sample project with | 
dimension strings | 

ii is 








A 
2. Select the lower dimension string (indicated as A in the view) and then click the Edit 
Witness Lines command in the contextual ribbon. 
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3. Click on the next vertical wall segment to the right of the layout and then the corner 
point. You might need to press the Tab key to place the dimension on the outer face of the 
wall and to snap to the angled corner. 


4. To complete this editing command, click an open area of the view. Do not press the Esc 
key or you will lose the edits you just made. 


The results should look like Figure 18.38. 


FIGURE 18.38 
Adding witness lines 
to a dimension string 
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5. Now select the upper dimension string labeled as B in the view and once again activate 
the Edit Witness Lines command. 


6. Click each of the intersecting interior partitions to remove them from the dimension 
string. Click an open area of the view to complete the command, and the results should 
look like Figure 18.39. 


FIGURE 18.39 
Removing witness 
lines from a 
dimension string 
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You can also delete any inner segment of a dimension string if you hover your mouse pointer 
over one segment in a dimension string and press the Tab key once. An individual segment will 
highlight; select this segment and then press the Delete key. Try this with the outer dimension 
segment from the previous exercise (Figure 18.40). 
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FIGURE 18.40 
Delete an inner 
dimension string 
segment. 





Using Alternate Units 

Alternate Units allow you to show mixed Imperial and metric units within a single annotation. 
You can do this either to the right of the base dimension or below it. Just select one of the 
dimension strings and open its type properties. The Alternate Units settings are highlighted in 
Figure 18.41. Set Alternate Units to Below to show the alternate units below the dimension string. 


FIGURE 18.41 
Alternate Units 
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Let’s explore how to use this tool: 


1. Continuing from the previous exercise, select the dimension string B and click the Edit 
Type button in the Properties palette. You don’t want all the dimensions to show both sets 
of units, so click the Duplicate button and name the new dimension string Linear — 3/32” 
Arial I/M (Linear - 2.5mm M/I for the metric file). 


2. Inthe same Type Properties dialog box, change Alternate Units to Below. Set the 
Alternate Units Format to Millimeters in the Imperial file (Feet And Fractional Inches 
in the metric file). So that you know the other number is a measurement in an alternate 
unit, in Alternate Units Suffix add mm in the Imperial file. The settings will look like 
Figure 18.42. 





FIGURE 18.42 
Alternate Units 
Format settings 
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3. Click OK to close the dialog box. 


You'll see the dimension string with Imperial units above and metric units below (Figure 18.43). 


FIGURE 18.43 
Alternate units in the 
model 
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Annotating with Project and Shared Parameters 


Every element in a project has a list of parameters. Some of these parameters, such as Assembly 
Code and Mark, are common parameters that are assigned to almost all object types. Others, 
such as Length, Height, and Volume, are unique to specific element types. Despite the plethora 
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of default parameters, there are situations where you may need to add custom parameters to 
elements. These custom parameters, like the default ones, can be tagged and scheduled. 

Depending on how you'd like to use a custom parameter, you can add them to your elements 
in a few ways: 


@ Ifall you want to do is schedule the new parameter, you have a couple of options: 


@ Add the parameter directly within the schedule itself. This will add a new parameter 
to your element family. Adding a parameter using this method adds it only to the 
element family in the schedule. For example, say you want to schedule the sound 
transmission class (STC) of a wall. You could add this property directly within the 
wall schedule and the new parameter would be available only to objects in the Walls 
category. 


@ Add the parameter to the project. Using this method, you can still schedule the new 
parameter, but you will have the option to add it to multiple categories. So, if you 
want to add a parameter for Unit Cost, you can add that to both your door and win- 
dow categories at the same time. 


@ Ifyou want to be able to both schedule and tag your parameter, you will need to create a 
shared parameter. This parameter is created as part of a separate file that is shared among 
the tag family, the element family, and the project. An example of this kind of tag might be 
for door security hardware. You can create a parameter that is assigned to a door family as 
well as a door tag that will allow you to designate whether or not a door has a card reader 
to gain entrance to a room. 


In the following sections, we will discuss how to create both of these parameter types as well 
as the pros and cons of each. 


Creating Project Parameters 


You can create custom project parameters at any time in the project cycle. Depending on how 
you create the parameters, you can assign them to one or more element categories within the 
model. You can also assign them to elements that have already been created or to element 
categories for elements that you have yet to create. 

The following steps will allow you to make a custom parameter that can be scheduled but 
not tagged. For this example, pretend you are working on an existing building and reworking 
a space. Much of what is onsite will need to be demolished, but you would like to reuse all 
the elements that are salvageable. As you are documenting the existing conditions, you want 
to schedule the elements you want to keep. To do this, you'll make a parameter called Reuse. 
Continue with the project file from the previous exercise (cC18-Dimensions-Start.rvt or 
c18-Dimensions-Metric-Start.rvt). 

To add a new project parameter, follow these steps: 





1. Go to the Manage tab in the ribbon and click the Project Parameters button. 
This will display the Project Parameters dialog box (Figure 18.44). 


2. Click the Add button to open the Parameter Properties dialog box. Here you will be 
asked to define a list of properties for the new parameter. 
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FIGURE 18.44 
‘The Project 
Parameters dialog box 





Let’s step through what these selections will be (Figure 18.45 shows a view of the 


completed dialog box). 
FIGURE 18.45 
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3. Set Parameter Type to Project Parameter. 


Choosing between project and shared parameter is the first choice you'll need to 
make. We'll get to shared parameters later, so for now, leave it at the default of Project 
Parameter. 
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4. For Name, type Reuse. The name is used for describing the parameter as well as 
referencing it in schedules and the Properties palette. 


3. Leave the Discipline setting at Common. 


The Discipline drop-down menu will give you a few choices: Common, Structural, 
Electrical, HVAC, Piping, and Energy. 


6. Set Type Of Parameter to Yes/No. 


This setting dictates the format or behavior of the parameter. As you can see in 

Figure 18.46, a variety of parameter types are available. It’s important to understand 
some of these options and, more specifically, their differences. If you start creating 
formulas with your parameters, you'll quickly understand how important it is to use the 
proper type. For instance, you cannot multiply Angle x Volume. Text cannot be added 

to a formula. Integers do not have decimal values. Many of these values are easy to 
understand if you apply a bit of logic. 





FIGURE 18.46 Type of Parameter: 
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7. For Type Or Instance, choose Instance. This setting controls the uniqueness of the 
parameter itself. Both parameter types can be mixed within a given family. In this 


example, use an instance parameter because you want to designate whether something is 
reusable on an element-by-element basis. 


See Chapter 2, “Applying the Principles of the User Interface and Project Organization,” 
for more information on type and instance parameters. 


8. For Group Parameter Under, choose Green Building Properties. 


This setting is an organization tool. When you open your element properties, depending 
on how many parameters you add, you can develop quite a long list. This tool allows you 
to group new parameters into any given category. 


9. In the list of categories, check the boxes for Doors, Furniture, and Windows. 
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Categories is the list of element types in which this new property will appear. This 

is where you define all the category types you'll associate with the new parameter. 
Category selections are flexible. If you decide you need to change categories after you 
create your parameter, you can easily come back to the Project Parameters tool and 
modify your selection. 


10. When you finish, click OK. This will take you back to the Project Parameters dialog box, 
where you can choose to add another parameter or, in our case, just click OK to exit 
completely. 


Back in the model, you can now select a door (because it is one of the categories you chose) 
and see that you have added a Reuse parameter in the form of a check box to the bottom of the 
Properties list (Figure 18.47). 
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Now that you've created a custom parameter in the project, it’s even easier to create one while 
in a schedule. You can create a custom parameter while creating a schedule or after the fact 
by modifying one. To create a parameter in a schedule, click the Add Parameter button in the 
Schedule Properties dialog box (Figure 18.48). Doing so opens the same dialog box that you see 
when you click the Project Parameter button, with the exception that the Categories selections 
will be grayed out because you can create parameters in schedules only for the element being 
scheduled. 


808 |CHAPTER18 ANNOTATING YOUR DESIGN 


FIGURE 18.48 
Adding a parameter 
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Creating Shared Parameters 


When you want to schedule and tag a custom parameter, you will need to use shared 
parameters. Previously in this chapter, you learned that customized project parameters are 
useful for scheduling the STC rating on a wall. You can also use them to schedule which 

doors have security systems as part of the door hardware set, for example, or to specify which 
equipment in a lab will require special gases (oxygen, argon, and so forth). None of these 
parameters exist by default in any families, but they are all values that you might want to tag or 
schedule, depending on the type of project you are working on. 

These parameters do not exist in any of the tags either, so in order to tag these parameters, 
you need to create them in both the tag and the element families. 

Don’t worry—it’s not as complicated as it all sounds, but you will need to follow some steps 
fairly closely. Once you have added a shared parameter to your project, you cannot modify it. If 
you want to change it, you'll need to delete it and add the parameter again. So it behooves you to 
make your choices thoughtfully. 

Let’s look at the workflow behind creating a shared parameter. You'll do this by creating 
a custom wall parameter called STC so you can tag the sound transmission class of the wall 
types. To get started, continue using the c18-Dimensions-Start.rvt or c18-Dimensions- 
Metric-Start.rvt example from the previous exercise. 
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CREATING THE SHARED PARAMETER 


The first thing you do is create a new, shared parameter file. This file translates the values of the 
shared parameter between the tag, family, and project. Follow these steps: 


1. To create a shared parameter, go to the Manage tab in the ribbon and click the Shared 
Parameters tool. 


Doing so opens the Edit Shared Parameters dialog box (Figure 18.49). 








FIGURE 18.49 
Creating the shared 





ie = ae Pe 
-Edit Shared Parameters 


B = 
=| 


parameter Shared parameter file: 


; Browse... | | Create... | 


Parameter group: 


Parameters: 
i Parameters 


Groups 











[a] | 


2. Click the Create button to open the Create Shared Parameter File dialog box. Name your 
shared parameter file. For our example, we’ve named it STC; however, if you plan to make 
more than one shared parameter, you might want to name it something more universal. 
All of the shared parameters for a given project will ultimately live in the same file. Give 
the file a name and location that will make sense to the project team. Then click Save. 


3. Now that you've saved the TXT file, you'll return to the Edit Shared Parameters window, 
where you'll assign this parameter to a group by selecting New under the Groups option 
(this keeps like elements grouped together). This group is a hierarchical collection. So, for 
the wall’s STC, you will want to create a group called Wall Properties (Figure 18.50). This 
grouping allows you to easily sort different parameters within project categories. Once 
you name the group, click OK. 
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FIGURE 18.50 
Creating a shared 
parameter group 


4. 


FIGURE 18.51 
Naming the 
parameter and setting 


the type 


5. 





Once you have a group, you'll see that the Parameters buttons are now active. Click the 
New button and name the parameter STC. Leave the Discipline setting at Common. For 
Type Of Parameter, choose Integer. Because STC ratings are whole numbers, you can use 
the Integer type and eliminate any decimal places you'd have if you used Number as the 
type (Figure 18.51). Once you've entered the settings, click OK. 
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You should see the new STC parameter in the Edit Shared Parameters dialog box. Click 
OK to exit this dialog box. 


You’ve now created a shared parameter. The next step is to assign it to a category. 


ASSIGNING THE SHARED PARAMETER TO A CATEGORY 


The shared parameter is now defined, but you don’t have it associated with any categories yet. 
To do so, follow these steps: 


1. 


2. 


From the Manage tab in the ribbon, click the Project Parameters button to open the 
Project Parameters dialog box. You want to add a new parameter, so click Add. 


The Parameter Properties dialog box opens. This time, select the Shared Parameter 
radio button, and then click Select. In the Shared Parameters dialog box, select the STC 
parameter you just created, and then click OK. You'll see that many of the fields are now 
grayed out in the Parameter Properties dialog box. This is because you have already 
specified this information in the shared parameter. In the Categories list, select Walls 
(Figure 18.52). Click OK to exit the dialog box. 


FIGURE 18.52 
Assigning the shared 
parameter toa 
category 
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3. You'll see the new shared parameter (STC) below your previous project parameter (Reuse) 
in the Project Parameters dialog box (Figure 18.53). Click OK to close the dialog box. 


FIGURE 18.53 


The shared parameter 
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project. 
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4. Now that the STC parameter is part of the project, you can begin assigning values to it. 
Open the Level 1 floor plan and select one of the interior walls on the left side of the plan. 
By scrolling down in the Properties palette, you'll notice that the STC parameter is now at 
the bottom (Figure 18.54). Enter a value of 45 and click Apply, or simply move your mouse 
out of the palette to set the value. 
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TAGGING THE SHARED PARAMETER 


So far, you've created a shared parameter and added it to the Walls category in a project. These 
are all features you could have leveraged with a project parameter. The benefit of using a shared 
parameter is being able to tag it. The final step in this process is creating a tag to display the STC 
parameter in the wall: 


1. The first thing you'll need is a new tag. Because you're tagging a wall, and there isn’t a 
default wall tag type, you'll need to make a generic tag and apply it to a wall condition. 
From the Application menu, select New > Family. Open the Annotations folder, select 
Generic Tag.rfa, and click Open. 





2. Next, you'll assign the correct category to the tag. By default, a generic tag is just that: 
generic. You want it to report information from the Walls category, so on the Create tab, 
in the Properties area click the Family Category And Parameters button. 


3. With the Family Category And Parameters dialog box open, choose Wall Tags from the 
list (Figure 18.55), and click OK. Delete the red text note in the tag family template before 
continuing. 
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FIGURE 18.55 
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4. With the proper category selected, you need to add a label for your tag. From the Create 
tab in the ribbon, select the Label tool on the Text panel, and then click just above the 
intersection of the two reference planes in the view. 


5. In the Edit Label dialog box, select Type Mark from the list of category parameters and 
add it to the Label Parameters list to the right (Figure 18.56). This will call out the wall 
type and help you associate the proper wall with the STC rating. Click OK to close the 
dialog box and zoom in closer to the label you just placed. 


FIGURE 18.56 
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6. With the Type Mark parameter placed, let’s add the STC parameter. Activate the Label 
tool again, and then click just below the intersection of reference planes in the view. In 
the Edit Label dialog box, click the Add Parameter button at the bottom of the Category 
Parameters list. This opens the Parameter Properties dialog box (Figure 18.57). Click 
Select to open the Shared Parameters dialog box. Select STC and click OK, and then click 


OK again. 


FIGURE 18.57 
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7. You'll now see the STC parameter in the Category Parameters list. Select it and add it to 


the right side of the dialog box (Figure 18.58). Click OK to close the dialog box. 
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8. With all the labels added, you can brush up the tag with a bit of linework to help 
| iG differentiate the tag from the rest of the drawing. On the Create tab, choose the Line tool 
tne from the Detail panel. Using the default options, draw a box around the two labels and a 


line between them (Figure 18.59). Once this is done, save the family as Wall-STC.rfa and 
then load it into the project by clicking the Load Into Project button. 


FIGURE 18.59 J 
The customized 


STC 


9. Back in the project, you're ready to tag the wall. Once you insert the tag into the project 
file, Revit will automatically begin the tagging command. However, the other way to 
begin tagging is to choose Tag By Category from the Annotate tab. Select the wall to 
which you have already given a value of 45 for the STC. You'll see the wall type and STC 
rating populate within the tag (Figure 18.60). 
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Once you've stepped through this workflow a few times, it will quickly become familiar and 
you'll be able to add custom parameters to projects and tag them without a second thought. 
One thing to keep in mind while you're doing all this, however, is that once you have added 
a shared parameter to your project, you will not be able to change any of the properties of the 
parameter itself. If you set the parameter type to Integer but you really wanted Number, you'll 
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need to delete the parameter and start over. Also, when working with a team, remember that 
shared parameters work much like keynotes with their external TXT files. If you are sharing 
the project file with the idea that it will be edited by another team, be sure to include the 
shared parameter file. 


ED Real World Scenario 


SHARED PARAMETERS BEYOND TAGGING 


We have just finished a section on how to create your own shared parameters and use them to cre- 
ate tags that are not a part of the default Revit categories. But, as with all parameters, your use of 
shared parameters is not limited to only tagging. In one project, for example, we were designing 
a manufacturing facility. This facility had a large amount of process equipment, and the various 
pieces of equipment had special design needs like argon and nitrogen gases, compressed air, or 
special electrical power. We wanted to tag the equipment in our drawings, but we also wanted an 
easy way to visualize which pieces of equipment needed what kind of services. 


To do this, we combined the shared parameter file we created for the tags and used color filters 
(discussed in Chapter 10, “Working with Phasing, Groups, and Design Options”) to color the equip- 
ment in plan and help the design teams make sure we were supplying the right services to the 
right elements. 
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The Bottom Line 


Annotate with text and keynotes. Although a picture is worth a thousand words, you will 
still need notes to make drawings understandable and be able to call out key elements in each 
view. Know how to create and modify text and keynotes for a complete set of documents. 


Master It To properly use the keynoting feature, you'll need to understand what each of 
the three keynote types do and how they’re used. List each and explain how they can be 
used in a project. 
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Use tags. Tags are text labels for elements such as doors, walls, windows, rooms, and 
several other objects that architects typically need to reference in a set of drawings. These 
tags typically refer back to other schedules or information in other portions of the drawing 
set and are unique to the view in which they are inserted. 


Master It Inserting tags quickly can be a good way to make documentation time more 
efficient. How can you quickly tag a number of elements in the model at the same time? 


Add dimensions. Dimensioning is a critical part of the project documentation, allowing 
you to communicate the distance elements are from one another. 


Master It Adding dimensions is a necessary part in any project. However, in a project 
workflow you will typically want to change the location of a dimension’s witness line 
without having to re-create the entire dimension. How do you move a witness line with- 
out remaking the entire dimension? 


Set project and shared parameters. Revit Architecture lets users add as many custom 
parameters to an element as are needed to document the project. These parameters can be 
both tagged and scheduled, depending on how they are made. 


Master It You need to add a custom parameter for your project to track the percentage 
of recycled content in materials. What’s the best way to go about doing this? 


Construction and 
Beyond 








In the previous chapters, we focused on the architect’s role in design and construction using 
Autodesk® Revit® Architecture software. As the software continues to expand beyond being a tool 
for design documentation, we want to touch on several other uses outside the traditional scope of 
the designer. In the chapters in Part 6, we discuss how Revit can be used to augment design and 
documentation after construction documents are complete. 


@ Chapter 19: Working in the Construction Phase 
@ Chapter 20: Presenting Your Design 
@ Chapter 21: Working with Point Clouds 







Chapter 19 


Working in the Construction Phase 


In this chapter, we will explore the use of Autodesk® Revit® Architecture software in 

the construction phase by design teams and builders. For design teams, the use of Revit 
Architecture usually entails markups, sketches, and revision management; however, a builder 
may approach building information modeling (BIM) tools in unique ways. Many different BIM 
programs are available for builders to use in preconstruction and construction phase tasks, so 
we will not assume that Revit is the primary tool used by the majority of them. 


In this chapter, you'll learn to: 
@ Add revisions to your project 
@ Use digital markups 


@ Model for construction 


Using Revisions in Your Project 


Revisions allow designers and builders to track changes made to a set of construction 
documents during the construction phase of a project. Because the construction documents 
usually consist of numerous sheets, this methodology allows everyone on the team to track and 
identify which changes were made and when they were made during construction. The purpose 
is not only to ensure correct construction but also to create as-built documentation recording 
how the building was actually created to be delivered to building owners upon occupancy. 

In a typical drawing set, revisions will look like Figure 19.1 when they are created and issued 
as part of the drawing set. Revision clouds themselves are created within views that are placed 
on the sheets. The revision tag is also placed within the view, but once the view is then placed 
on a sheet, the revision will dynamically appear in the sheet properties and on any revision 
schedule on the sheet itself. 


Creating a Revision Cloud 


To create a revision cloud in your project, switch to the Annotate tab in the ribbon, locate the 
Detail panel, and then choose Revision Cloud. This places you in a revision cloud drawing 
mode, similar to Sketch mode, and allows you to bubble the revised detail or drawing. When 
you finish, click the green check mark to complete the sketch and your annotation is done. We'll 
step through this in more detail later in this chapter. 

You will usually have several rounds of revisions to a document set. Revit provides a way to 
manage the revision list and gives you the ability to name and date the various revisions in your 
project to better track them. The Sheet Issues/Revisions tool is located in two places within the 
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FIGURE 19.1 
Typical revisions 


P LATE STEELPSAIŲ i 
WELDED TO RAILING AKD 
BOLTED TO WOOD 
FRAJANO 

STEEL PIPE RAIUEG, 
GALWAN CED (04511) 









le P LATE STEEL @SsarD 
| i} MovVEASLECOVER 








OOD FRAMING 
1g 


— VUIRE FAB RIC 


eet PIPE RAIUAG, 
QALAN TED Q11) 


PLATE STE 
Wi lece ER 
BAMBOO WOOD 
FLOORING Ces 
PLYWOOD 
SUBFLOORING G5ICD 
PLATE STEEL GSary 
WELDED TO RAILING AND 
BOLTED TO nooD 
FRARIRG 
0 = 0 FRAMING 


10) 

Se OYPSUM BOARD, 
SEILING 17> E2 
EDOE REVEAL ŒR) 








application. You can find it on either the View tab in the Sheet Composition panel or the Manage 
tab under Additional Settings. 

Either one of these buttons will open the Sheet Issues/Revisions dialog box (Figure 19.2). 
Here you can add, merge, issue, and define the visibility of revisions. 

Before you begin creating revisions in your sheet set, it’s good to start with this dialog box 
to give those revisions some order. Let’s review the major components of the Sheet Issues/ 
Revisions dialog box, beginning with the table of revisions: 


Table of Revisions The Sheet Issues/Revisions dialog box starts with one default revision 
already in place, even though you may not have made a revision yet. This is only to give you 
a place to start—no revision will appear in your title blocks until you add revision clouds to 
your views. Each revision has a fixed number of parameters that you can enter. As you can 
see in Figure 19.2, the parameters include Numbering, Date, Description, and an Issued check 
box in addition to Issued To and Issued By columns and options for showing clouds and tags. 


Numbering (Table Column) The Numbering option allows you to number each 
revision numerically, alphabetically, or not at all. If you choose an alphabetic sequence, 
the sequence is defined in the Alphabetic Sequence options. Click the Options button 
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FIGURE 19.2 
The Sheet Issues/ 
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in the lower-right portion of the dialog box to set your sequence and remove letters you 
don’t want to use. For instance, some firms don’t use the letters I and O because they are 
often confused with the numbers 1 and 0. Figure 19.3 shows a sample of the dialog box. 
By default, an entire alphabet appears here. The None option allows you to add project 
milestones—unnumbered entries that appear in revision tables—to sheets without 
having to add revision clouds. 


FIGURE 19.3 
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Date and Description Both of these fields are user-driven only. The date is not tied 
to any functionality within Revit, nor is the description—both are simple text fields. 
However, both fields will schedule as part of your revision table on your sheets and are 
useful in organizing and tracking your revisions. 


Issued To issue a revision, click the check box in the Issued column. Doing so locks 
the revision clouds and tags placed on sheets or in views associated with that revision, 
preventing them from being moved, deleted, or otherwise edited. The parameter values 
in the dialog box become inactive. This is to guarantee that the clouds and data do not 
change downstream once you issue a set of drawings. 


824 


CHAPTER19 WORKINGIN THE CONSTRUCTION PHASE 


REVISIONS IN A LIVE MODEL 


During the construction process, the project model may still be changing. When you issue a revi- 
sion, keep this in mind: Although the clouds can become fixed in the project, the model will not 
be static. As you continue to make revisions to the model, it will always be up to date. This means 
that you might have multiple revisions in the same location on your sheet set. So if you need to 
maintain an archive of all project phases or each revision, be sure to export the sheets as either 
DWE or PDF files as a snapshot of the sheets at time of issue. 


Issued To/Issued By You may enter notes to the project team in these fields for whom 
the revisions are to be issued and who issued them. 


Show This table column controls the visibility of revision clouds and revision tags 
that have been issued. As issues occur, you may want to hide just the clouds or just the 
tags from previous revisions. For example, if you've issued one revision and then add 
revisions to a later issue and want to clean up your drawing, you can choose to show 
the issued revision as the tag only—typically a small triangle with the revision number 
inside it—or not show anything at all by using the None option. 


Add Button This function is used to create a new revision. The new revision will 
automatically be placed in sequential order and only the sequence number will be 
automatically updated. You'll need to add your own description and date. 


Numbering (Radio Buttons) You can choose to number revisions by sheet or by project. 
This is a global setting for the whole project, but one can be swapped for the other at any 
point. Which method you choose mainly depends on how your firm chooses to track 
revisions. The Per Sheet setting allows you to have as many revisions as you want within 

the drawing set, but on each sheet, the list of revisions will remain sequential. For example, 
an issue named “Issued for Design Development” may be revision number 4 on one sheet 
and number 7 on another. Using the Per Project setting will order your revision clouds based 
on the sequence established in the Sheet Issues/Revisions dialog box. In other words, all 
revisions with the same issue date would have the same revision number regardless of how 
many revisions appear on any given sheet. This approach might give you a greater degree of 
consistency throughout your document set but may limit the number of overall revisions you 
can use in the project. Either numbering method can be configured in advance and added to 
your project template. 


Placing Revision Clouds 


If you want to place a revision, open a view in which changes to the project have occurred and 
use the Revision Cloud tool found in the Detail panel on the Annotate tab. Use the familiar 
sketching tools from the Draw panel in the contextual tab of the ribbon to generate a cloud 
around the area you are calling out as a revision. The tool automatically starts with the Box 
command, allowing you to draw a box around your revision. If you'd like something more fluid, 
you can switch to the Line tool on the Draw panel. Lines are automatically created that make a 
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cloud (or series of arcs), as shown in Figure 19.4. The size of the arcs will be determined by the 
Arc Length setting found in the Sheet Issues/Revisions dialog box we described in the previous 
section. When you finish creating the cloud, click the Finish Sketch button (the green check 
mark) in the contextual tab of the ribbon. Note that the Revision cloud tool doesn’t require you 
to form a closed loop—you can finish the sketch at any point. 


FIGURE 19.4 
Adding a revision poms La) We WH 
cloud to a view n e | 


By default, each new revision cloud will be assigned to the last revision in the Sheet Issues/ 
Revisions dialog box. If you need to change the revision to which a cloud is assigned, select the 
cloud and use the Properties palette to modify its revision number (Figure 19.5). 





FIGURE 19.5 
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REVISION CLOUDS IN A LIVE MODEL 


During the construction process, the project model may still be changing. As you create revisions, 
you might need to create more than one within the same view or sheet. Where you place the revi- 
sion cloud can be as important as the revision itself. For instance, do you place it within the view 
or on the sheet? As a best practice, we suggest you place the revision in the location where the 
content is changing. So, if you're modifying a flashing detail, place the revision bubble in the view. 
If you're changing the name of the detail on the sheet, place it on the sheet itself. This will help you 
downstream, when you make another change to that same view or element. 
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As soon as you have placed a revision cloud on a sheet, any revision schedules placed in your 
title block will update to include the revision number, description, and the date you assigned in 
the Sheet Issues/Revisions dialog box earlier (Figure 19.6). 


FIGURE 19.6 
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Like other objects, the graphics for revision clouds are controlled from the Object Styles 
dialog box, found in the Settings panel on the Manage tab. Settings for revisions are located on 
the Annotation Objects tab. The default setting for the line thickness is 1. We recommend that 
you increase the default thickness for revisions in your project template to more clearly illustrate 
and communicate your design modifications. 


Tagging a Revision Cloud 


Revision clouds can be tagged like many other elements. Similar to other tags, revision tags 
are intelligent and designed to report the revision number or letter that has been assigned to 
the revision cloud. To place a revision tag, use the Tag By Category tool in the Tag panel on the 
Annotate tab. 

If a tag for revisions is not in your template, you will be warned that no such tag exists 
in your project. To continue, simply load a revision tag. The default tag is named Revision 
Tag.rfa and is located in the Annotations folder of the family library within a standard 
installation. 

Once you have a tag loaded, you are ready to tag revision clouds. Hover the cursor over a 
revision cloud and click to place the tag. You will see a preview of the tag prior to placing it 
(Figure 19.7). Once the tag is placed, you can drag it around the cloud to reposition it and turn the 
leader on and off. With or without a leader, the revision tag will stay associated with the cloud. 

FIGURE 19.7 | 
Tagging a revision () 
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Disabling the Leader 


You can choose to use a leader line between the tag and the cloud, depending on your 
preference or your office standards. In many cases, the tag just needs to be near the cloud and a 
leader is not necessary. Disable the leader by selecting the tag and clearing the Leader option in 
the Options bar. It’s good to note here that if your firm’s standards are to hide the cloud and you 
have the leader activated, you'll see the revision tag plus the leader but no cloud since the leader 
and tag are connected. 


BIM AND SUPPLEMENTAL DRAWINGS 


The process of making supplemental drawings (SDs)—also known as supplemental sketches (SKs)— 
entails making a change to an existing drawing and then issuing that change as a separate document 
during the construction process. Sometimes this can bea single 8 1/2" x 11" [A4] or 11" x 17" [A3] 
sheet where the new detail is then pasted over the old one in the document set. From a workflow 
perspective, this can be a little disruptive for two reasons: 


@ Placing a view into a smaller sheet to issue the individual view can lead to other problems. 
Because there is only one instance of the view, it requires you to take the view off your 
Construction Document sheet to place the view in a new sheet. The problem is that the new 
sheet/detail is meant to replace a portion of your original document set, so your set is now 
out of sequence. You will need to remove the view from the sheet it was issued on temporarily 
(and remember to put it back) or duplicate the view and hope that you do not need to make 
last-minute additional changes. 


@ Asupplemental drawing, once issued, is like a snapshot in time. It becomes a numbered change 
made to the drawing set at a given date. Because the model and all the views in the model always 
reflect the most current state of the project, making separate SD sheets and views within Revit 
will show any additional changes made to that view. 


@ Asan alternative, you can reissue the full sheet. This is easiest for a Revit workflow, but it 
depends on your firm’s standards for supplemental drawings. 


Using Digital Markups 

Both Autodesk® A360 (www. autodesk360.com) and Autodesk® Design Review offer an efficient 
way to view and mark up 2D digital documents and 3D models. This workflow is different 
from revisions and is geared more toward informal design review rather than the management 
of sheet issues. For example, if your drawings must be reviewed for quality control and 

overall comments by a senior designer who might not be familiar with Revit software, this 

tool can streamline the process. The senior designer, consultant, or any other third party can 
make comments and review changes directly in the digital file and return them to the Revit 
Architecture user who needs to modify the original model. 

In this section, we're going to focus on the use of Design Review for DWF markups. Both 
applications are capable of this workflow. Think of the A360 tool as an online version of the 
DWF markup tool. It additionally has many powerful collaboration tools to help the overall 
project process—markups are only a portion of what the tool does. Feel free to explore A360 to 
see the full effect it can have on team collaboration. 
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Using Design Review, you can view files in DWFx or DWF format. If you export sheets to 
DWFx and the markups are linked back into Revit, the markups will be automatically placed on 
the corresponding sheet. So there is no need on your part for any sort of alignment or placement 
of the revisions. 

Design Review is a free tool that you can download from the Autodesk website: 
usa.autodesk.com/design-review. Once it’s installed, you can open and mark up any 
DWFx or DWF file produced by any Autodesk or other CAD/BIM software package. 


Publishing to Design Review 


There are two ways to share your model using Design Review: as 2D drawings or as a 

3D model. If you publish to 3D, you create a single 3D representation of your model that 

can be orbited, control visibility of element catagories, and be queried for the properties of 
any of the elements. Publishing to 2D can create either a single view or a whole collection of 
interconnected views and sheets packaged as one file. You can even combine 2D views and a 
3D model in one DWFx file. 


EXPORTING DWEX FILES 


You can export to DWFx from any view, except a schedule. To export your views or sheets, select 
the Application menu and choose Export > DWF/DWFx. The DWF Export Settings dialog box 
(Figure 19.8) will open. Here you can choose views/sheets to export in addition to specifying 
how the results will be published. 


FIGURE 19.8 Sense 
The DWF Export 
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In the following exercise, you will open a Revit file and create a DWFx file for review: 


1. Open the c19-Sample-Building-Start.rvt model, which can be downloaded from 
this book’s web page, www. sybex. com/go/masteringrevitarch2016. 


2. Open Sheet A101 from the sheet list in the Project Browser. Click the Application menu 
and select Export > DWF/DWFEx to open the dialog box shown in Figure 19.8. 


3. Click the New Set icon at the top of the list of views and name the set MASTERING 
SHEETS. 


Once you create the set, you will see a new drop-down list appear in the dialog box; you 
can use it to control which views are displayed in the view list (Figure 19.9). 





FIGURE 19.9 
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4. From the Show In List drop-down, select Sheets In The Model, and then select sheets 
A101 and A102. 


These sheets will be added to the set to be published. 


You can sort the list of views by any of the columns by clicking a column header. Try this 
by clicking the Name header. 


5. To check the export size, select the DWF Properties tab and click the Print Setup button. 
In the resulting dialog box, you can set explicit sizes for your export. Click the option Use 
Sheet Size to automatically detect sheet sizes based on the title blocks you are using in the 
project. 


This dialog box mirrors the one used for printing. 


6. Click Next and specify the name of the file and a location in which to save it. Make sure 
you check the box to combine all sheets into a single DWFx file (see Figure 19.10). 
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7. Open the published DWFx file in Autodesk Design Review. Choose the Markup & 
Measure tab, and then add a few comments and markups on the A101 sheet. 


Using the Shapes and Draw tools on this tab, you can add clouds, arrows, and text to insert 
your comments or changes into the drawings. This can be done in a variety of colors and line 
weights to give them extra visibility on the page. Once all your changes are created, save the file 
and it will retain all your changes. Figure 19.11 shows an example of a markup. 
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IMPORTING A DESIGN REVIEW MARKUP 


Once you’ve added markups to the DWFx file, save the file and close Design Review. 

You can then link the marked-up DWFx file back into the RVT project file. Continue 

to use the sample file from the previous exercise. You can also download the file 
c19-Sample-MarkedUp.dwfx from this book’s web page. This file already contains some 
markups to use in the following exercise. Perform these steps to import the marked-up file 
into the project file: 


| 1. On the Insert tab, choose DWF Markup from the Link panel and then select the DWFx file 
Sl | you saved in the previous exercise. 





Markup This is a simple import dialog box. There are no settings in the window. 


When you select a DWFx file, only the markups will be shown—not the entire DWFx file. 
If there are no markups in the file, nothing will be visible in Revit. 


2. In the next dialog box (Figure 19.12), you will see the views in the DWFx file that contain 
markups and the sheets in the Revit project to which they will coordinate. You can insert 
all the markups or only specific sheets. Select the sheets you'd like to import; be sure to 
select A101, and then click OK. 
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FIGURE 19.12 
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3. Open sheet A101 from the Project Browser, and you will see the markup as an overlay in 
the same location where it was created in Design Review (Figure 19.13). 
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Markups can be linked only to sheets. If you export a view and mark it up, you will not be 
able to link that view back into the model. Also, none of the other linework from the DWF will 
link into the model—any of the building geometry, backgrounds, sheet content, and so on. The 
only thing that will be visible in Revit is content created with the DWF Markup tool. 

You cannot move or delete linked DWF markups—they appear with a pin if selected; 
however, you can do a number of things to graphically indicate that you’ve reviewed a markup: 


Change its graphic appearance. Let’s say you have 20 redline markups on your sheet. 
You need to keep track of which ones you've picked up. One way to do this is to graphically 
override each markup as you make the requested modifications. Select the markup, right- 
click, choose View > By Element, and click Override Graphics. Choose a color to indicate 
“done.” Yellow works well because it suggests a highlight marker. 


Hide it. This approach is similar to the graphic override, but you hide the markup 
altogether. Select the markup, right-click, and choose Hide In View > Element. 
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Remove it. You can remove markups by choosing Manage Links from the Manage tab. In 
the Manage Links dialog box, select the DWF Markups tab, select the markup, and click the 
Remove button. This removes all markups associated with the link. 


Another way you can interact with a linked DWF file is by modifying the status or 
appending comments to each markup. You can access these features in the Properties palette 
when you select a markup, as follows: 


1. In the A101 sheet view, select one of the markups you created and go to the Properties 
palette. 


2. Change the Status drop-down list to Done and then click the Edit button in the Notes 
field. In the Edit Text dialog box, enter some text related to the completion of the design 
modification requested in the markup (Figure 19.14). 
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3. Click the Apply button at the bottom of the Properties palette or move the mouse pointer 
out of the Properties palette. 


4. Switch to the Insert tab in the ribbon, and from the Link panel choose Manage Links. 
Select the DWF Markups tab. 


5. Select the row containing the DWFx file you linked in the previous steps, and then click 
the Save Markups button at the bottom left of the dialog box. 





There is no alert or notification that the save process has completed, so just wait a few 
seconds. 


6. Click OK to close the Manage Links dialog box. 


7. Open the DWFx file again in Design Review, and you will see that the status of the 
markups has been updated. 


The comments you added to them can be seen in the Markup Properties palette (Figure 19.15). 
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Using the DWFx file format along with the integrated tools within Revit, you have 
closed a communication and coordination loop that has traditionally been an area of 
difficulty. This workflow also benefits larger project teams because you don’t have to 
manage a central pile of drawing markups that need to be shared or distributed among 
several teammates. All the staff working on a project will have access to the same linked 
DWE markups. 


Modeling for Construction 


Now that we have reviewed some basic functionality a design team might use in the 
construction phase, let’s take a look at how a builder (contractor, subcontractor, or construction 
manager) might use Revit in the industry today. 

Revit is often referred to as a design application; however, contractors are using the software 
more frequently as both a model-authoring and project-analysis tool. Although builders use 
BIM tools to obtain different results than design professionals do, many of the processes and 
functions are the same; they are merely applied in particular ways according to the needs of the 
various users. 

Functionality introduced in Revit Architecture 2012 supports a more interactive and flexible 
approach to construction modeling. The first addition was the ability to create parts, which 
are individual subsets of more complex layered elements such as walls and floors. The other 
addition allowed you to generate assemblies, which are segregated subsets of the project model 
with their own associated views, annotations, and sheets. These tools are used to take large 
elements and break them down into smaller components as they’d be used on the job site. As 
an example, in an architectural model, a cast-in-place concrete floor would be a single element 
for the entire floor plate. In practice, the contractor would never pour the floor that way. The 
concrete would be poured in a series of pads, and the contractor would have to divide the 
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slab into those series of pours for their schedule. The potential to minimize data loss between 
the design and construction stakeholders of a project can start to change how we approach 
collaboration and delivery of our buildings. 


Creating Parts 


Parts are designed to aid the user in subdividing larger model elements into smaller 
components for construction planning. Each part maintains a persistent relationship with the 
elements from which it was derived, and it can be subdivided into smaller parts if necessary. 
Parts can be generated from walls, floors, ceilings, and roofs, as long as they are of consistent 
thickness. They also have their own properties, such as volume, area, and height; as such, they 
can be scheduled independently of their original elements. 

While it is likely that designers will use parts to customize architectural elements, we are 
going to discuss only the workflow intended for the builder. To get started with the basic 
workflow for creating and dividing parts, follow these steps: 


1. Open the file c19-Parts-Start.rvt or c19-Parts-Metric-Start.rvt, which you 
can download from this book’s web page. 


2. Activate the Default 3D view if it isn’t already open. 


Notice that each of the wall, floor, ceiling, and roof elements in this sample model is 
composed of one object. A section box has been activated in this view that is exposing the 
layers within each element (Figure 19.16). 


(a) gy | 3. Select the floor at Level 2. On the Create panel in the contextual tab of the ribbon, click 
the Create Parts button. 
St 
| = > Notice that the original object has been visually replaced in the current view by the parts 
— representing each layer of the floor assembly. It is still in the project model—it has not 
been deleted. 


There is a new view property in the Properties palette named Parts Visibility whose 
default value is Show Parts. This means that if parts have been created for any object, 
they will be displayed instead of the original. This property can also be set to Show 
Original or Show Both. 


4. In the Project Browser, right-click the Default 3D view and choose Duplicate View and 
then Duplicate. Rename the copy of the view Original Model. 


5. Activate the view named Original Model. From the Properties palette, find the Parts 
Visibility parameter and change it to Show Original. 


6. In the Project Browser, rename the {3D} view to Parts Model. 


7. Activate the Parts Model view, and repeat the process of creating parts for the wall, the 
ceilings, and the roof in the sample model. Simply select each of these elements and 
choose the Parts tool from the context menu as before. 


In the previous exercise, you created an alternative way to view your model that begins to explore 
constructability. Without additional modification, you can start to interact with these individual 
components by examining their properties or even hiding them or overriding their graphic display. 
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FIGURE 19.16 
The beginning Parts 
model 





Modifying Parts 

In addition to creating parts from original model elements, you can divide these parts into 
smaller ones. You can even change the phasing properties at the part level and use grips to 
modify the extents of the parts. Let’s begin with an exercise to divide some parts using planes 
and sketched lines: 


1. Go back to the Parts Model view and select the top part of the roof at the Roof level. 
This will be the layer representing insulation. 
2. From the Part panel in the contextual ribbon, click Divide Parts. 


You will enter Sketch mode, where you can either select intersecting datum or draw your 
own dividing lines. 


3. Click the Intersecting References button in the contextual ribbon. You are presented with 
the Intersecting Named References dialog box (Figure 19.17). From the Filter drop-down list, 
select All and notice that you can choose from levels, grids, and named reference planes. 





If a reference plane has not been named, it will not appear in this list. 


4. Check the boxes for the two reference planes named xPlanel and yPlanel. Click OK to 
close the dialog box. You'll see two green datum objects highlight in the model. 
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5. Click the green check mark in the contextual ribbon to finish Edit mode. 


After you complete the process for dividing the part, notice that the part has now become 
four separate pieces. To experiment with how the parts maintain their relationship to 

the original object as well as the intersecting reference planes, go to the Level 1 floor 

plan and move the reference planes around, but try to keep them within the boundary 

of the sample floor. When you return to the 3D view, you will see that the divisions stay 
synchronized with the reference planes. 


6. Activate the ceiling plan for Level 1. In the Properties palette for the view, change Parts 
Visibility to Show Parts. Select the Gypsum Wall Board part on the bottom of the ceiling 
below the Level 2 floor. 


Graphically, this will look like you're selecting the entire ceiling because it will all 
highlight blue. 


You can make sure you have the correct part selected by examining the Properties 
palette. The category filter at the top should display Parts (1) and the Material parameter 
should indicate Gypsum Wall Board — Ceiling (Figure 19.18). 


7. Click the Divide Parts button in the contextual ribbon, and then click the Edit Sketch 
button to activate Sketch mode. Draw a diagonal line across the part from left to right, as 
shown in Figure 19.19. 


If you need to sketch lines to divide parts, the lines do not have to be in closed loops, but 
they must intersect the boundaries of the part. Keep in mind that if the original element 
is edited so that its boundaries extend beyond any sketched part divisions, the part 
divisions will be deleted. 
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8. Click the green check mark in the contextual ribbon to finish the sketch, and then click it 
again to finish the part-dividing mode. 


9. Activate the Parts Model view, and orbit the model so you can select the inside face of 
the wall. Select the part of the wall that would represent the gypsum wall board at the 
interior face of Level 2. 


10. From the Properties palette, find the Show Shape Handles parameter and check the 
box. You will see triangular shape handles on all four sides of the part, as shown in 
Figure 19.20. Drag the top shape handle down to indicate that the gypsum wall board is 
not to be installed to the full height of the wall assembly. 
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FIGURE 19.20 
Use the Properties 
palette to enable 
shape handles for 
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There are several other ways you can interact with parts in your project model. Select any 
of the parts and observe the Properties palette. You will see that you can override each part’s 
material, phase created, and phase demolished (Figure 19.21). 
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USING PARTS 


So far in this chapter, you've seen how you can use parts to subdivide building elements such as 
walls and floors. While the workflow outlined can take away from quickly laying out walls and 
floors, the Parts tool is very useful if leveraged correctly. As an example, one use for the Parts tool 
would be to define precast panels. In many instances, the precast paneling follows architectural 
grid lines. Controlling those with hosted voids or sweeps can be cumbersome and lead to a lot of 
manual coordination. Hosted sweeps can also be problematic around windows or other openings 
in the panels. This workflow would allow you to dynamically update the design and have it resonate 
through the documents quickly and clean up more easily than sweeps. 


Knowing when to make use of a tool in Revit is almost as important as knowing how to use the 
tool. Tools like parts that allow a granular manipulation of building geometry are typically better 
left until later in the design process. 
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DIVIDING PARTS WITH A GAP 


In the previous exercise, you learned how to divide parts using datum objects and simple 
sketches. You also have the ability to divide parts with a defined gap as well as with a custom 
profile. Let’s explore these options with another exercise: 


1. Continue to work with the sample file c19-Parts-Start.rvt or c19-Parts-Metric- 
Start.rvt from the previous exercise. Activate the Parts Model 3D view and orbit the 
model to view the exterior face of the wall. 


2. Select the main part of the exterior wall face that has the material assignment Concrete, 
Precast. Click the Divide Parts tool in the contextual ribbon. 


3. Inthe Properties palette, set the Divider Gap parameter to 1" (25 mm). 


4. Click the Intersecting References tool in the ribbon, set the filter to All, and then select 
Level 2, Reference Plane: yPlanel, and Grid: 1. Click OK to close the dialog box. 


5. Click the green check mark in the ribbon to finish Divide Parts mode, and the panel will 
be divided with a continuous gap, as shown in Figure 19.22. 


FIGURE 19.22 
Parts divided witha 
continuous gap 





In addition to simple gaps, parts can be divided with a custom profile. A family 
template called Division Profile.rft (Metric Division Profile.rft) is 
available in the default family template library. This profile family is similar to other 
profiles except that the completed sketch in the family does not need to be a closed 
loop. That said, the sketch must extend completely between the two reference planes 
associated with the Width parameter in the template. 

A number of division profiles are loaded in the default architectural project 
template. You can find these in the Project Browser under Families > Division Profiles. 
To examine how any of these are created, right-click Tapered Notch and select Edit 
from the context menu. 
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Let’s explore how you can edit an existing division and apply a custom profile to the gap. 
Follow these steps: 


1. Continue to work with the project file c19-Parts-Start.rvt or c19-Parts-Metric- 
Start.rvt from the previous exercise. Activate the Parts Model 3D view, and orbit the 
model to view the exterior face of the wall. 


2. Select any one of the divided parts of the main precast concrete portion of the wall. Once 
a part has been divided, you won't need to select all the parts to edit the division—select 
just one. From the contextual ribbon, click Edit Division. 


3. In the Properties palette, change the Division Profile parameter to Angled Step: Angled 
Step. Once you select a profile type, additional parameters are available in the Properties 
palette. Set the Edge Match parameter to Complementary (Figure 19.23). 


FIGURE 19.23 
Assigning a division 
profile to a part 
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4. Click the green check mark in the ribbon to finish the division edits, and you will see that 
the updated profiles are applied to all edges of the divided parts (Figure 19.24). 


FIGURE 19.24 
Parts divided with a 
division profile 
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To explore different functionality with division profiles, repeat steps 2 through 4, but 
select the profile Notch and set the Edge Match parameter to Mirrored. Observe the 
change in behavior using a different matching property. 


When you apply a custom profile to a division of parts, the profile is applied to all 
divisions. If you need to assign different profiles to different divisions, each of those 
unique divisions must be applied separately. Let’s try this approach by continuing the 
exercise. 


In the Parts Model view, select any of the precast concrete parts you generated earlier in 
this exercise. Click Edit Division in the contextual ribbon. 


Click the Intersecting References button in the ribbon, and in the Intersecting Named 
References dialog box, set the Filter drop-down to All, and then deselect Reference Plane: 
yPlanel. 


Click OK to close the dialog box, and then click the green check mark in the ribbon to 
finish editing the division. 

While pressing the Ctrl key, select the two larger precast concrete panels to the right side 
of the wall. Click the Divide Parts button in the ribbon. 


Click the Intersecting References button in the ribbon, set the Filter drop-down to All, 
and then select Reference Plane: yPlanel. Click OK to close the dialog box. 


In the Properties palette, set the Divider Gap parameter to 0"—1" (25 mm). Click the green 
check mark in the ribbon to finish editing the division. 


You will now see that the custom profile was maintained for the other part divisions, but the 
rightmost vertical division has only a simple gap. 


MERGING PARTS 


Parts can be merged to form larger, more contiguous geometry; however, the parts to be merged 
must have the same material and the same creation and demolition phases, and the merged 
geometry must consist of a single connected component. Parts with gaps assigned to the 
divisions will not be merged. 

To merge parts, press the Ctrl key while selecting multiple parts. In the contextual 
ribbon, click Merge Parts. Once parts have been merged, you can always edit them in the 
future. To edit merged parts, select the part and then select Edit Merged from the contextual 
ribbon. 


EXCLUDING PARTS 


Parts can also be excluded from a model to support more detailed construction conditions. 
To exclude a part, select the part and click Exclude Parts from the Exclude panel of the 
contextual ribbon. Excluded parts will not appear in any schedules; however, they are 

easily restored. To restore an excluded part, hover over the area with your mouse pointer 
where the part was excluded. You will be able to select the excluded part, but it will be 
indicated with a special icon. Click the icon on the excluded part or click Restore Parts in the 
contextual ribbon. 
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BE AWARE OF THE PARTS CATEGORY 


Because parts are considered a separate category of elements, you should pay careful attention 
to how they might affect your views and view templates. Take a look at the visibility and graphic 
overrides for any view, and you'll see that Parts is listed as an object category. This means that 
once you create parts for a model element—whether the original object was a floor, ceiling, wall, 
or roof—the parts are all treated as a singular type of object. For example, if you have surface pat- 
terns for floors hidden in a view and you create parts for a floor, the surface pattern will appear 
again unless you have hidden surface patterns for the Parts category as well. 


Scheduling Parts 


Another valuable aspect of using parts is the ability to schedule them—essentially a cleaner way 
to generate material takeoffs. You can create a parts schedule in the same manner as you would 
for other object categories. On the View tab, click Schedules > Schedule/Quantities, and choose 
the Parts category. 

Select the Fields tab of the Schedule Properties dialog box, and you will see the available 
fields (Figure 19.25). With a part schedule, you can report the original category of the object 
along with the part material and the usual geometric information. 


FIGURE 19.25 = = === - 
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There is also a field named Construction that indicates whether the part was derived from 
a Core layer or a Finish layer. This field can then be used as a filter and/or sorting criterion in 
your schedule. An example illustrating the results of a part schedule is shown in Figure 19.26. 





FIGURE 19.26 
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Creating Assemblies 


An assembly organizes related elements within your project. The feature is designed to help 
users track and schedule a collection of elements as a single entity. In the case of precast 
concrete, for example, a column made of multiple families, including reinforcing bars, mounting 
hardware, and corbels, can be collected into a single assembly. 

As you identify objects to be included in an assembly, you can also choose from a variety 
of views in which to document the element in isolation from the rest of the project model. 
A collection of assembly views can be thought of as shop drawings. Let’s take a look at the 
workflow for creating an assembly. 

In the following exercise, you can use any sample model to illustrate the process of creating 
assemblies: 


1. In any view of your project, select a few model elements. Try to pick a few that are 
relatively close to each other. 
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H aj 2. From the contextual tab in the ribbon, click Create Assembly. You will be prompted to 
| So | name the new assembly (Figure 19.27). 


Create 
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If you selected objects of different categories such as a wall and a ceiling, you have the 
opportunity to select which category the assembly will inherit. Choosing one category or the 
other does not seem to have an effect on the functionality beyond the organization that is 
exposed to the user. 


USING IDENTICAL ASSEMBLIES 


When you create a new assembly, the software automatically determines whether another identical 
assembly exists in your model. If one exists, the new assembly inherits the name of the identical 
assembly. In a somewhat similar situation, if you were to create copies of an assembly throughout 
your project, the matching assemblies would function in a similar way to how groups function. 
The fundamental difference between assemblies and groups is in the propagation of changes. If 
you have identical assemblies in a project and you change one of them, the name of the modified 
assembly is changed and it is treated as a unique assembly. 


Creating Assembly Views 

After you have created an assembly, you can create a series of views that are dedicated to that 
assembly. In other words, you will see only the elements included in the assembly within these 
views. In addition to plans, sections, and 3D views, you can generate parts lists and quantity 
takeoffs for an assembly. 

To generate assembly views, select an assembly in any view and select Create Views from 
the Assembly panel in the contextual tab of the ribbon. You are prompted with a dialog box in 
which you choose the views assigned to the assembly (Figure 19.28). 

After you click OK, you will find the assembly views at the bottom of the Project Browser. 
Under the Assembly grouping, you will find each assembly listed with all the associated views 
(Figure 19.29). 
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Although sections are automatically placed for the included elements, the individual views 
are not placed on the assembly sheet. To do this, activate the sheet within an assembly and then 
drag and drop the views onto the sheet. Note that assembly views can be used on nonassembly 


sheets and regular views can be placed on an assembly sheet. An example of views compiled 
into an assembly sheet is shown in Figure 19.30. 


FIGURE 19.30 
An example of a 
simple assembly sheet 
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You need the ability to track changes in your design 


after sheets have been issued. Adding revisions to a drawing is an inevitable part of your 


workflow. 


Master It How do you indicate revisions on a drawing sheet? 


Use digital markups. DWFs provide a lightweight means to digitally transfer and mark up 


multiple sheets in a document set. 


Master It Explain the workflow using DWF markups. 


Model for construction. 


Parts and assemblies allow a model element to be broken down 


into smaller parts. These subelements can be used in more detailed ways for the construction 
process while still maintaining their association with the original element. 


Master It Describe the method for breaking down a design-based model assembly into 


its individual components. 





Presenting Your Design 


Although Autodesk® Revit® Architecture software is most often used to create parametric 
content for documentation, it is often necessary to show designs to clients and other project 
stakeholders to make critical decisions. Revit has tools that you can use to embellish views or 
create new graphics to help present the design. 


In this chapter, you'll learn to: 


+ 


+ 


+ 


Understand color fill legends 
Use 3D model views in your presentation 
Work with viewport types 


Create “exploded” axonometric views 


Understanding Color Fill Legends 


There are many times in the design process when you will need to go beyond documentation for 
construction and portray spaces in a building in a different way. For example, you may need to 
communicate design intent, departmental adjacencies and allocations, or room finishes. Because 
Revit software has these functions, you can use its parametric capabilities to do more than just 
generate annotation—you can graphically show all kinds of model parameters. 

The tool for creating this kind of view is called the Color Fill Legend. You can use this tool to 
color areas and rooms in plans, sections, and elevations. It allows you to assign different colors 
to just about any of the room or area properties within a view. Here are just a few examples of 
the types of views you can create: 


+ 
+ 


+ 
+ 


Floor plans showing departments. 


Floor plans showing spaces based on area value. An example might be rooms smaller than 
500 square feet (50 sq m) as one color, rooms that are between 500 and 1,000 square feet (50 
sq m to 100 sq m) as another color, and rooms bigger than 1,000 square feet (100 sq m) as a 
third color. 


Building sections showing different departments in different colors as in a stacking diagram. 


Plans, sections, or elevations portraying room finish types. 


There is an almost endless list of the types of color fills you can create to help communicate 
a wide variety of project-specific details. The Color Fill Legend tool is located on the Color Fill 
panel of the Annotate tab (Figure 20.1). 
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Color Fill | 


FIGURE 20.1 
The Color Fill Legend a — 
tool 
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Color Fill 


To better demonstrate some of the uses of the Color Fill Legend tool, let’s make a simple color 
fill plan showing room types. 


Making a Color Fill Legend for Rooms 


In many projects, it becomes necessary to display plans with some additional information about 
the spaces. Typically during the design phases, clients need to see how different departments 
are located adjacent to one another. Even in a simple residential design, it can be helpful to see 
how public spaces such as kitchens and living areas are located relative to the more private 
spaces of bedrooms and bathrooms. 

In the sample building project used in Chapter 17, “Documenting Your Design,” you may 
want to visually show the various space types in the floor plans. You want to graphically 
demonstrate which spaces have been assigned to various departments defined in the building’s 
program of requirements. To get started, download and open the c20-Sample-Building- 
Start.rvt or c20-Sample-Metric.rvt model from the book’s web page, ww. sybex.com/ 
go/masteringrevitarch2016. You will begin by creating a new type of floor plan that will help 
organize the Project Browser and automatically assign an appropriate view template. 

To get started, follow these steps: 


1. Switch to the View tab in the ribbon, locate the Create panel, and then choose Plan 
Views > Floor Plans. In the New Floor Plan dialog box, click the Edit Type button to open 
the Type Properties dialog box for the Floor Plan type. 


2. Click the Duplicate button and then name the new view type Color Fill. 


3. Click the button in the parameter field named View Template Applied To New Views. In 
the Apply View Template dialog box, select Color Fill Plans and then click OK to close the 
Type Properties dialog box. 


4. Using the Ctrl key, select both Level 1 and Level 2 in the New Floor Plan dialog box, and 
then click OK. 


5. Return to the Project Browser and you will see a new heading called Floor Plans (Color 
Fill). Change the names of the new floor plans to Level 1 - Dept - Color and Level 2 - 
Dept - Color. 


6. Activate each of the new color fill plans and use the Tag All Not Tagged tool to add room 
tags to each plan. 


For more information on tagging, see Chapter 18, “Annotating Your Design.” 


7. Open the Level 1 — Dept - Color floor plan and click the Color Fill Legend button in the 
Color Fill panel of the Annotate tab. This will activate the Color Fill Legend tool and ask 
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you to place a legend somewhere in the active view. Anywhere for now is fine—just place 
it to one side of the plan or the other. 


Once the legend is placed, you can then define and customize its characteristics. 


. After the legend is placed, you'll be presented with a dialog box similar to the one in 
Figure 20.2. This dialog box will prompt you to choose from a list of space types available 
in the current view and color schemes that have already been established within the 
model. From the Space Type drop-down list, select Rooms, and from the Color Scheme 
drop-down list, choose Name and click OK. 


The color scheme will automatically generate a legend based on your room names and 
color the rooms on the plan. 


If you already created a color scheme that you wanted to use in this view, it would be 

a simple matter of selecting it from this list and clicking OK, and the legend and view 
would be complete. The default project template contains a few simple color schemes 
from which you can choose when you place your first legend. You started with a basic 
one that automatically assigns a color for each unique room name in the project; however, 
this type of presentation is not usually that useful. 


In the subsequent steps of the exercise, you will create different color schemes to further 
explore more complex methods of presentation. 


ee ‘Choose Space Type anc Color Scheme 


Choose Space Type 
and Color Scheme 
after you place the 
legend in a view. 





A color scheme has not been assigned to the view. 
The legend will appear alank, To apply a color scheme to the 
view, choose a space type and scheme and press OK. 


Space Type: (Rooms > 


J 


Color Scheme: | Name 


9. After the legend is placed, you can then alter its properties or choose a different color 
scheme. To modify a legend, select the legend, and in the Modify | Color Fill Legends 
context menu, click the Edit Scheme button. 


This opens the aptly named Edit Color Scheme dialog box (Figure 20.3). This dialog box 
allows you add, rename, or delete color schemes on the left side and define the graphic 
properties and attributes of these schemes on the right. 


A drop-down list labeled Color at the top of the Scheme Definition area appears. This is 
the property by which the color scheme is being defined. It is currently assigned to color 
the plan according to room name. Each unique room name in the project is automatically 
generating its own color for the legend. 
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FIGURE 20.3 
The Edit Color Scheme 
dialog box 
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10. From the list of schemes at the left, choose Department. 


The Color drop-down list now indicates the Department parameter, but there are no 
values defined in the list to the right. This is because text has not been added to the 
Department parameter for any of the room elements in the project. 


Any parameter available to be used in a color fill legend needs to have values in its 
properties. You can either enter the value in the Properties palette by selecting the item 
and finding that property or by predefining values in the color scheme. In the following 
steps, you will predefine values for the departments and then assign them to the rooms 
later. 


11. Now let’s predefine some values. At the left side of the table under Scheme Definition, 
click the green plus sign to add values to the color scheme for Department. Create four 
new values as follows: 


@ MANAGEMENT 

@ OPERATIONS 

@ PRODUCTION 

@ SALES 

For now, you can use the automatic color and pattern assignments. 


12. Click OK to close the dialog box. 


You will notice in the floor plan that the legend now shows the title Department 

Legend and it displays No Colors Defined (Figure 20.4). Even though you defined some 
Department values, they will not show on the legend until you assign values to the rooms 
placed in the project. 
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FIGURE 20.4 Department Legend 
Department legend | 

N | defined 
with no defined color [ _] No colors define 
scheme 


13. Back in the floor plan, select the Manager room on the lower left of the plan and look in 
the Properties palette. Find the Department property and click in the value field to access 
a drop-down list (Figure 20.5). 


The values available in the list are the values you added to the color scheme in step 5. 


FIGURE 20.5 
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14. Assign the two rooms at the left side of the plan to the MANAGEMENT department, 
assign the LOUNGE space to the SALES department, and assign the SUPPORT space to 
the OPERATIONS department. 


As you make these assignments, the color fill legend will update and the space will fill 
with the matching color. 


15. Activate the Level 2 - Dept - Color floor plan and repeat steps 7 through 14 to assign some 
department values. 


Because you already created a color scheme defined by department value, you don’t need 
to repeat steps 9 and 10. 


852 


CHAPTER20 PRESENTING YOUR DESIGN 


Certification 
Objective 





ASSIGNING COLOR FILLS WITHOUT A LEGEND 


In the previous exercise, you generated color fills on a plan by adding a legend and then customizing 
the color scheme through the legend. You don't have to place a legend in order to color a plan with 
a color scheme. In the Properties palette for a view, you can find the Color Scheme property. Click 
the button in the value row to open the Edit Color Scheme dialog box and choose a color scheme 
to be assigned to the view. The plan will display the respective colors even without a legend shown 
on the view. You can always add a legend later by using the Legend tool in the Color Fill panel of 
the Annotate tab in the ribbon. 


Customizing a Color Fill Legend 


Although the software automatically assigns colors to each value in a color scheme definition, 
you'll likely want to change the colors or the fill patterns to suit your presentation needs. In this 
section you will customize the color scheme and the legend created in the previous exercises. 
Because many firms typically have standards for presentation color schemes, it’s a good idea to 
add your customized schemes to your office template. 

In the following exercise you will create a copy of the department-based color scheme to use 
black line patterns instead of color fills. Download and open the file c20-Sample-Building2- 
Start.rvt or c20-Sample-Metric2-Start.rvt from the book’s web page. Then follow these 
steps: 


1. Return to the Level 1 —- Dept - Color floor plan you used for the exercise in the previous 
section. In the Project Browser, right-click Level 1 - Dept - Color and choose Duplicate 
With Detailing from the context menu. Rename the duplicated view Level 1 - Dept - 
Black. Repeat this process for the Level 2 - Dept - Color plan. 


2. Activate the Level 1 - Dept - Black floor plan, select the legend located to the right of the 
plan, and click Edit Scheme in the ribbon to open the Edit Color Scheme dialog box. 


3. Select Department from the list of schemes on the left side and click the Duplicate icon at 
the bottom of the list. Name the duplicate scheme Department (Black). 


4. You can change any of the assigned colors by selecting any of the buttons in the Color 
column. Doing so opens the Color dialog box (Figure 20.6) and allows you to select colors 
based on RGB values or PANTONE colors. Change the colors for each of the departments 
to black (R:0, G:0, B:0) and then click OK. 


After you have defined the colors, take note of a couple of other features in the Edit 
Color Scheme dialog box, shown previously in Figure 20.3. The first is the Options area 
at the bottom of the dialog box, which contains a single check box that allows you to 
pull values from linked projects. If you are working on a large building that is split into 
multiple files, this is a good way to tie all that information together into a single graphic 
presentation. 


FIGURE 20.6 
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5. The other option you have is the ability to exclude various scheme definition values 
for a color scheme. Notice the Visible column next to the Value column in the scheme 
definition, as shown in Figure 20.7. 


FIGURE 20.7 
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Uncheck the box in the Visible column next to the value for OPERATIONS. 


This setting will exclude the selected value wherever this color scheme is applied to a 
view. In this example, we might assume that the client does not need to see spaces that 
belong to the OPERATIONS department in color—just the remaining departmental 


spaces. 
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6. Click each of the fields under the Fill Pattern column to change the fill pattern to a variety 
of line-based patterns, as shown in Figure 20.8. 


FIGURE 20.8 
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7. Click OK and you'll notice that the color fills have dynamically changed to reflect the 
modifications you made in your color scheme properties, as shown in Figure 20.9. 
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8. Open the Level 2 - Dept - Black floor plan. In the Properties palette, locate the Color 
Scheme parameter and click the button in the value field that is currently assigned to 
Department. In the Edit Color Scheme dialog box, choose the Department (Black) color 
scheme and click OK. 


The pattern fills are automatically placed according to the department assignments. Also 
notice that spaces assigned to the OPERATIONS department are not colored, nor does 
the department name appear in the legend because the Visible setting was turned off in 
step 4. 
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Modifying Other Settings 
By now, you've created a color fill legend and placed it within a view, and you've seen a number 
of the settings and properties of the legend. Those settings reflect how the color fill legend 
will look and react to the plan or view in which it’s placed, but there are other settings you can 
modify as well. The legend key itself has several properties that control fonts and swatch sizes. 
Select the legend and click the Edit Type button in the Properties palette to explore some of the 
other properties you can modify. 

Figure 20.10 shows the type properties for a color fill legend. In this dialog box, you can 
change the font size and type as well as the size of the color swatches that appear in the 
legend. 


FIGURE 20.10 
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An important type property for color fill legends is Values Displayed. The two options for 
this property are By View and All, and the default setting for color fill legends is By View. 
You might have noticed that none of the spaces on Level 1 are assigned to the PRODUCTION 
department, and so that value does not appear in the legend placed on Level 1. 

Try creating a duplicate color legend type named All Values and change the Values 
Displayed property to All. This legend type shows all department names, regardless of the 
department assignments on each level. This setting does not override the Visible options you 
specify in the color scheme settings; therefore, the OPERATIONS department will still not 
display when you use the Department (Black) color scheme. 

In summary, you can combine any color scheme with any color legend type—the two are not 
dependent on each other. 


DON’T FORGET YOUR STANDARDS 


It can take several tries between creating color fill plans and printing them to get the colors just 
right. You'll find yourself making multiple adjustments along the way. When you have one that 
works for you, take the time for a couple of extra steps so you don't have to re-create this work in 
the future. 


First, if it is a type of project that you'll be doing again and again, add the legend to your project 
template. This is as easy as placing the legend on a view and the view on a sheet (similar to a 
schedule) and copying it to the Clipboard. Open your project template (in the same instance of 
Revit) and paste it onto a sheet, and your settings, colors, and naming conventions will be quickly 
transferred and saved for future use. 


Using Numerical Ranges for Color Schemes 


In the previous exercises, you explored how to use color schemes to create presentation 
material based on specific object properties. You can also create color schemes that display 
ranges of numerical values. In the following exercise, you will continue with the c20-Sample- 
Building2-Start.rvt or c20-Sample-Metric2-Start.rvt file. With the Room color fill 
legend defined, you have seen an example of how to create color fill legends. A variety of other 
legend types are available, and some of these types allow you to define your own parameters 
when creating the legend itself. Let’s step through this process again using a different legend 
type so you can see how you can define your own parameters in a color fill legend. 

The next color scheme you will create is based on areas. Whereas the Department color 
scheme was defined by rooms that were already placed on plans, the area scheme is defined by 
numerical ranges you will need to define within the color scheme properties. Follow these steps: 


1. In the Project Browser, right-click the Level 1 - Dept - Black floor plan and choose 
Duplicate With Detailing from the context menu. Rename the duplicated plan Level 1 - 
Area Range. Select the color fill legend in the view, and click Edit Scheme in the 
contextual tab of the ribbon. 
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2. In the Edit Color Scheme dialog box, create a copy of the Name color scheme, using the 
Duplicate icon at the bottom of the list. Name the new scheme Area Range. Also change 
the Title field to Area Range. 


3. From the Color drop-down list, choose Area. Click OK if you are presented with a 
warning about preserving colors. 


You'll notice that all the room names and colors will disappear; they are replaced with 
values representing each unique room area. 


This type of schedule—like a schedule of room names—is probably not that useful as a 
presentation method. Instead, let’s create a series of colored area ranges to easily identify 
which spaces are within specific ranges. 


4. Next to the Color drop-down list in the Scheme Definition field, select the By Range 
option. The static area values in the list below are now split into two columns labeled At 
Least and Less Than (Figure 20.11). 


FIGURE 20.11 Title: Color: | By value 
Select By Range to Room Legend [area v| © By range 
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5. Select one of the rows so the green plus button is active. Click that button two times so 
that you have four rows in the list of value ranges. 


6. Starting from the bottom row, change the values to 800, 500, and 200, as shown in 
Figure 20.12. 


You can also try changing some of the colors assigned to each of the value ranges to make 
the presentation more meaningful or simply easier to read. 
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7. Click OK to update the color fill scheme and view the results in the plan (Figure 20.13). 


The rooms now have colors based on their sizes rather than their names. 
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8. In the Project Browser, right-click Level 2 - Dept - Black and choose Duplicate With 
Detailing from the context menu. Rename the duplicated view Level 2 - Area Range. 


9. In the Level 2 - Area Range floor plan, select the existing color fill legend and click Edit 
Scheme from the contextual tab in the ribbon. In the Edit Color Scheme dialog box, select 
Area Range and then click OK. 


The rooms on Level 2 are now also represented with the same color range as we assigned for 
Level 1. 


PROGRAM VERIFICATION WITH COLOR FILLS 


Another more advanced presentation technique can be achieved with color fills by using value 
ranges for verification of your project’s program of requirements. We showed you how to create a 
color fill scheme to illustrate ranges of spatial area; however, the results can be made even more 
useful for effective decision making. 


The Area property of rooms will always display the actual value of the enclosed space. To compare 
the actual or designed area with the required area, a user-defined parameter must be created and 
populated. There are other applications that can accomplish this integration with Revit, including 
Trelligence Affinity (www. trelligence.com) and dRofus (ww.drofus. com); however, the ability 
of an external application to feed the required program areas into the Revit model is irrelevant. 
The key is to compare the required area with the designed area and feed the difference into another 
user-defined room parameter. This can be accomplished using the Revit application programming 
interface. 
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Once the difference in area is captured in a room parameter, a color scheme can be established to 
color the ranges in the difference. For example, if the designed area is divided by the required area, 
you will get a percentage that can be included in a color scheme range. Color the higher percentages 
(positive and negative) with a noticeably visible color and the lower percentages with a more subtle 
color. If the range of acceptable differences is between 95 percent and 105 percent of the required 
area, then that range can be assigned no color and no pattern. 


Presenting with 3D Views 


In addition to using 2D views such as plans, sections, and elevations to convey your design 
intent, you can present the 3D model in a variety of ways. In Chapter 11, “Visualization,” we 
discussed the methods for creating analytic and photorealistic visualizations; the following 
sections will help you to establish a new repertoire of presentation techniques for design and 
construction documents. 


Orienting to Other Views 


A quick and easy way to create more useful 3D views is by utilizing the Orient To View 
command. This command, which is somewhat hidden within the ViewCube® allows you to 
create a 3D view that mimics the settings of a 2D view. 

In the following exercise, you will continue to use the c20-Sample-Building2-Start.rvt 
or c20-Sample-Metric-Start.rvt file. You will first adjust the view range settings for the 
floor plans and then create a 3D view for each level. Finally, you will assemble the views on a 
sheet to complete the presentation. 


1. Select Level 1 from the Project Browser and go to the Properties palette to examine the 
view properties. Click the Edit button in the View Range property. 


2. Inthe View Range dialog box (Figure 20.14), change the Top value under Primary Range 
to Level Above and set the corresponding offset value to -1-8" (—0.5 m). Repeat this step 
for Level 2. 


Although you are changing the top of the view range of the floor plans, you will not see 
any difference in their graphic display. 
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3. Right-click the Default 3D view {3D} in the Project Browser and create two duplicates. 


Rename the duplicate views Box-Level 1 and Box-Level 2. 


4. Activate the view Box-Level 1 and right-click the ViewCube. Select Orient To View > 
Floor Plans > Floor Plan: Level 1, as shown in Figure 20.15. 


FIGURE 20.15 
Orient a 3D view to 
any other 2D view. 
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The view will be set to a plan orientation, but more important, a section box has been 
enabled that matches the extents of the Level 1 plan view. Try orbiting the view to see the 


results (Figure 20.16). 


FIGURE 20.16 

A 3D view after being 
oriented toa plan 
view 
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5. Right-click the ViewCube and select Orient To A Direction > Southwest Isometric. 
6. Repeat steps 4 and 5 for the Box-Level 2 view. 


7. Create a new sheet using the C or A2 size title block, and drag the Box-Level 1 and Box- 
Level 2 views onto the sheet. 


Place the Box-Level 2 view directly above the Box-Level 1 view and you'll notice that the 
views will align vertically. You can align model views of various types on sheets as long as they 
are the same scale. This does not work for drafting views or perspective views. 

You can continue to experiment with the view settings of these 3D views on the sheet. Even 
though the section boxes won't print by default, you may want to hide them anyway. You can’t 
uncheck the Section Box property because the view would no longer be three-dimensionally 
cropped. To hide the section box, select the viewport and then click Activate View in the 
contextual tab in the ribbon. Select the section box, and from the contextual tab in the ribbon, 
click Hide In View (the ight bulb icon) > Hide Elements. Right-click and choose Deactivate 
View from the context menu, and then repeat this process for the other 3D view. 


G) Real World Scenario 


CUTTING TO THE CORE 


We have worked on many building projects in which there was a central core of vertical circula- 
tion: stairs, elevators, and shafts. After years of legacy experience using 2D views to explore these 
complex yet isolated three-dimensional spaces, it was difficult to imagine an easier way to perform 
this design and coordination task. 


The ability to quickly generate a 3D view that is based on an enlarged stair plan or elevator shaft 
section has proven to be immensely valuable. Teaching this technique to the senior architects and 
engineers on your team will bring you plenty of praise! There’s even an app for that—the COINS 
Auto-Section Box add-in is a free download that can be found in the Autodesk Exchange app store 
(apps. exchange. autodesk.com). The Auto-Section Box tool has become one of our most used 
add-ins. 


Annotating 3D Views 


Once you add a 3D view to your sheets, you're likely want to annotate it. To add annotations to 
your 3D view, you first need to lock it before adding text and tags as you would in a 2D view. 
This functionality is quite simple to implement. 

In any orthographic 3D view, you will find the Lock/Unlock View button in the view 
shortcut bar, as shown in Figure 20.17. Once you lock the view, you can begin to add tags, text, 
and dimensions, but you cannot change the orientation of the view unless it is unlocked. 
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In the example shown in Figure 20.18, a section box was first applied to a 3D view and then 








annotated. 
FIGURE 20.18 
Annotation can 
be applied to a 3D 


view with locked 
orientation. 
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Once you have added annotation to a view, you may need to rotate the view. Return to the 
locked view tool and click Unlock View. You are now free to orbit the 3D view; notice how 
your annotations orbit with your model. The annotations will appear a bit skewed as a result 
of this rotation. If you want to return the view to the originally saved orientation, click Restore 
Orientation And Lock View. The annotations will reappear in their original locations. 


Editing Viewport Types 


In the previous exercises, you might have noticed that the 3D views placed on the sheet 
displayed the default view title; however, we don’t need the titles every time we place a view on 
a sheet. Options and properties related to the display of views on sheets are stored as viewport 
types. Although the name conjures up memories of model space and paper space in Autodesk® 
AutoCAD® software, it is actually quite different in Revit. The viewport does not determine the 
scale or anything else about the view itself; rather, it simply sets the parameters for how a view 
sits on a sheet. 

Let’s examine how to customize viewport types by completing an exercise that continues 
from the previous example of placing 3D views on a sheet: 


1. Using the sheet with the two stacked 3D plan views, select one of the views and click Edit 
Type in the Properties palette. 
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The Type Properties dialog box appears (Figure 20.19). 


There are only a few properties in a viewport type, most of which are related to the 
extension line in the title. You can change the View Title family selection in the Family 
drop-down list. However, in this exercise you will not need a view title. We're going to 
create a new viewport type that does not use a title. 


FIGURE 20.19 ance 
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2. Click the Duplicate button to create a new viewport type named No Title. 
3. Click the Show Title drop-down list and select No. 


4. Next, for the Show Extension Line setting, uncheck the box. 


Before clicking OK to make the new type, let’s verify an important property in this dialog 
box. The Show Title property is set to When Multiple Viewports, which will display the 
titles only when multiple views are placed on a sheet. The view title is not displayed if 
only one view is placed on a sheet, as in an overall floor plan. 


5. Click OK to close the Type Properties dialog box, and you'll see that the viewport you 


had selected is already changed to the new type. Select the other viewport and switch it 
to No Title in the Type Selector. 


When you have completed the exercise, you can also add some detail lines to the sheet to 
further embellish the descriptive presentation, as shown in Figure 20.20. Although you cannot 


snap to the geometry within the viewports, you can use the arrow keys to nudge the lines into 
alignment as required. 
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FIGURE 20.20 
Customized viewports 
placed on a sheet 
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Creating “Exploded” Axonometric Views 


A very useful tool to help you present your designs in a unique way is the Displace Elements 
tool. This tool allows you to create an “exploded” axon—essentially allowing you to take the 
View geometry of a 3D view and move it without impacting the model. In Figure 20.21, you can 
see the use of the Displace Elements tool on the left and the original model on the right. The 
displacement is view specific, so in all other views the model integrity remains. 





FIGURE 20.21 ~ 
Using the Displace N a 
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Elements tool 
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In this exercise, you're going to continue using the c20-Sample-Building2-Start.rvt or 
c20-Sample-Metric2-Start.rvt file to create a displaced element. The Displace Elements 
tool is found on the Modify tab, and it is active when you select an object in a 3D view. It is 
located on the View panel in the upper-right corner. 

You'll start this exercise by creating a new view: 


1. Take the Box-Level 1 view you created in the previous exercise and duplicate it. Rename 
the view Axon-Level 1. 


2. With the new view established, you can change the orientation. Right-click the ViewCube, 
select Orient To A Direction, and select Southeast Isometric. Alternatively, you can select 
the corner of the ViewCube where the Front, Right, and Top sides connect. 


Your starting view will look like Figure 20.22. 
FIGURE 20.22 


Baseline view for the 
displaced elements 





3. One thing that you'll notice about this view is the section box. In other situations, the 
scope box would create a limit for what you could change, because anything outside 
the scope box would effectively disappear within the view. Because the changes you 
are making using the Displace Elements tool are only view specific and not actually 
manipulating model content, you can leave the scope box where it is. 


So that it doesn’t interfere with the view, however, you can turn it off. Right-click the 
scope box and choose Hide In View > Element from the context menu. 


4. Now, you can begin displacing elements. When using this tool, elements will be grouped 
based on selection. So, if you were to pick multiple elements and then displace them, they 
would all move together, keeping a relative distance to one another. 


To demonstrate this, select both of the walls on the right of the view (Figure 20.23). 
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FIGURE 20.23 
The first selection for 
displacement 





5. Select the Displace Elements tool from the View panel of the Modify tab. Both walls will 
remain highlighted now, but you'll see a 3D control tool appear (Figure 20.24). 


FIGURE 20.24 

Using the 3D control 
to move the displaced 
elements 





6. Grab the red control (the one that points to the lower right) and pull it away from the 
building. The walls should move in a plane parallel to their original position. 


You'll see the walls you selected visually unjoin from the building (Figure 20.25). If you 
were to move these walls without the use of this tool, you would receive error messages 
about rooms being unbound or elements being unjoined. None of that is happening because 
the changes you're making are just view specific and not impacting the actual model. 
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FIGURE 20.25 
The displaced walls 





7. For the next displacement, select the three walls on the backside of the building 
(Figure 20.26). Select the Displace Elements tool again, and drag these using the green 
arrow (the one pointing to the upper right). 


FIGURE 20.26 
The second 
displacement 
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FIGURE 20.27 
Add the storefront 
wall to the 
displacement set. 


Notice how the door moved without selecting it (instead the wall was selected) but the 
storefront system did not move. As you create these types of views, you'll need to make 
sure your'e selecting all of the elements you want to relocate. If you don’t get it exactly 
right, however, don’t worry. With these displaced walls highlighted, some new tools are 
active in the Modify | Displaced Elements tab: Edit, Reset, and Path. The Reset tool will 
undo the displacement you have created and reset the walls to their original locations. 


To complete this step, you need to use the Edit button. Select Edit and notice how the 
view has changed. The elements within the displacement group are highlighted orange, 
and a new Edit Displacement Set panel has popped up similar to the Edit Groups panel. 


In this view, choose Add from the Edit Displacement Set panel. Choose the storefront 
system that you didn’t select in step 7. 


It will immediately move to its proper location within the wall and turn orange like the 
rest of the set (Figure 20.27). Click Finish from the panel to exit this view. 





Add |Remove Finish Cancel 


Edit Displacement Set 





10. You're going to make one more displacement: the wall to the right of the stairs. Select 


11. 


it, choose the Displace Elements tool, and move the wall away from the stairs just a bit 
(Figure 20.28). 


With all the elements displaced for this view, we're going to touch on one more 

tool. Highlight the first set of walls you displaced and select the Path tool from the 
Displacement Set panel. With this tool selected, click the lower portions of the walls you 
moved. It creates a dashed line or a “path” that the walls are pulled out upon. This will 
help to add visual clues to the view so you can see the origin point of specific elements. 
Do this for the other elements you've displaced (Figure 20.29). 
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FIGURE 20.28 
Displace the wall next 
to the stairs. 





FIGURE 20.29 

Using the Path tool 
to trace the displaced 
elements to their 
origin points 
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In addition to moving building elements along their logical displacement plane, you can 
move them in any other direction if it increases the clarity of your 3D presentation. The 
path will be jogged for elements that are displaced out of plane. 


12. The final view with the paths and displaced elements will look like Figure 20.30. 


FIGURE 20.30 
The finished view 





As with any other view in Revit, this view is parametric as well. Changes you make to 
elements within the model will update elements within this view and to the paths too. 

If you now open the Default 3D view, you'll see that the integrity of the model has not 
changed—all the building’s elements are exactly where you would expect them. You can even 
begin to experiment with making modifications to the walls you have displaced—add a door or 
a window and you can see that updated within the displaced view. You can quickly begin to see 
how useful this type of visualization can be! 
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The Bottom Line 


Understand color fill legends. Color fills are a great way to illustrate data that otherwise 
might appear only in a schedule, such as department assignment, designed areas, and room 
finishes. 


Master It There are a variety of ways to graphically display information using color 
fills. It can initially take a bit of time to get things organized, but once you create them, 
the legends can easily be transferred between views and projects. Describe how to add a 
color fill legend, once created, to your project template. 


Use 3D model views in your presentation. Revit provides a variety of ways to help you 
visualize your designs—both while designing and during presentation. Understanding 
where these features are located and how and when to use them can help expedite the 
presentation process, depending on the look and feel you want to create with your images. 


Master It Describe the process for creating an exploded 3D view of each level within 
your project. 


Work with viewport types. Viewport types are simple to manage, but they are powerful 
when applied to the views you place on sheets. You can customize the view titles for any use 
case, from design presentations to construction documents. 


Master It Describe the process for adding a new viewport type to your project. 


Create “exploded” axonometric views. The Displace Elements command is used to create 
exploded axonometric views that used to be drafted by hand or created manually in a 
separate model. Understand the best ways to use this tool to help visualize and communicate 
design ideas. 


Master It Describe the process for creating a displaced view. 


Chapter 21 


Working with Point Clouds 


The use of point clouds in the Autodesk® Revit® Architecture software is an excellent way 

to document existing building conditions accurately and quickly. The building can be easily 
scanned using light detection and ranging (LiDAR) technology to locate geographic information 
and extrapolate that into a means that is usable in a Revit model. This type of scan is used to cut 
down the time of a traditional survey while collecting more data about the site or building. 


In this chapter, you'll learn to: 
@ Understand LiDAR 
@ Plan for a LIDAR survey 


@ Usea point cloud ina project 


Understanding LiDAR 


Many forms of 3D reality data capture are available that you can use to collect existing conditions 
of the built or natural world. Light detection and ranging (LiDAR) is a noncontact method of reality 
data capture that uses “light amplification by stimulated emission of radiation” (the definition of 
“laser’”’) to emit a self-generated laser pulse and collect the returned light in order to measure the 
distance, intensity, color, and location values of any surface it touches. The laser data is returned in 
an x, y, Z location point. LiDAR sensors have the ability to collect these range points at a very rapid 
rate, which increases with every new piece of hardware released to the market. Color scans have 
become increasingly more affordable, allowing you to see the point cloud in a new level of detail. 
Figure 21.1 shows a processed point cloud exterior and section. In this project, the building was 
scanned while occupied, so you can see some of the occupants in the building section. 

LiDAR is a line-of-sight technology, meaning that it does not have the ability to penetrate 
through solid objects such as ceilings, walls, or people. This is an important point to understand 
when you are performing a laser scan. A good rule of thumb is that if you can see it with the 
naked eye, then the scanner will be able to capture it. You'll also want to make sure your room 
or building is reasonably empty so you don’t end up with a bunch of people in your scans. 

LiDAR as a technology has been around for several decades. However, only in the last 
decade has it become more accepted and widely used as a means of data collection. What was 
once reserved solely for the high-tech industry and early adopters who were willing to spend 
a lot of money to offer these services has now become more widely available. Because of the 
recent reduction in hardware costs and advances in software, LiDAR is now more accessible to 
projects than ever. For under $50,000, you can own and operate a top-of-the-line laser scanner. If 
you are ambitious and have an aptitude for software development, you can own and operate a 
structured light scanner for under $100. 
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FIGURE 21.1 i; 
A point cloud of a sam nam | 
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exterior and section 








Hardware 

Not all LIDAR scanners are created equal, and it is important to keep in mind the project 
requirements to apply the right scanner to the project. A successful project relies on deploying 
the correct technology, and using the wrong scanner will put the project at risk of not meeting 
scope, schedules, and budgets. This section provides basic rules of thumb for using or procuring 


LiDAR for a project. 
First, it’s important to understand the scanner itself. There are two types of scanners: 


@ Time-of-flight scanner 


@ Phase-shift scanner 


The time-of-flight scanner measures the time it takes for the emitted laser pulse to be 
returned to the scanner. The properties that differentiate this type of scanner are as follows: 


@ Slower collection rate (50,000 points per second) 


@ Longer range (up to 1,000’, or 300 m) 
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Lower resolution 
Smaller data file sizes 


Most effective in exterior applications, such as site collection, exterior building conditions, 
and especially for tall buildings 


A phase-shift scanner measures the phase shift of the emitted laser compared to the light it 
receives when the pulse is bounced back to the scanner from the target. This type of scanner has 
the following properties: 


Fast collection rate (1,000,000 points per second) 
Shorter range (up to 65’, or 20 m) 

Higher resolution 

Larger data file sizes 


Most effective in short-range applications such as interior spaces and confined spaces 


+ ©% ©% ọọ% 


Can require more setups (or scan points) because of the range limitations 


Benefits of LIDAR 


Now that you have a better understanding of LiDAR as a technology, we can begin to discuss 

the benefits of using LiDAR and how to deploy it on your project. The benefits are simple to 
understand, but they cannot be overstated. The first benefit is the level of detail that can be 
achieved with a scanner. A significant amount of detail can be collected with a LiDAR scan. 
There is a trade-off to this benefit, however, in the direct correlation between the level of detail, or 
resolution achieved, and the time that it takes to collect the data. Most scanners have the ability 
to change the scan resolution in the field. If the project focus is an interior space with a high level 
of detail, it may be desirable to set the scanner to a higher resolution—similar to what you would 
do with a digital camera. If the project is of a broader scale—say, locating the exterior footprint of 
a building—a lower resolution will suffice, thus allowing you to expedite the scan time. 

To add configuration to the time-versus-detail equation, a phase-shift scanner, set at its 
highest resolution, will still likely be faster than a time-of-flight scanner set at a lower resolution. 
The trade-off is that the phase-based scanner will require more setups to collect the area 
because of the limited range. We will discuss this topic in more detail later in this chapter. 


Collecting Existing Conditions 


Another benefit of LiDAR is data collection speed. Although almost unfair, it is still necessary to 
compare LiDAR to traditional survey methodology on the basis of the speed of data collection. 
A scanner can collect data thousands of times faster than traditional survey equipment and 

can provide a true-to-scale, three-dimensional representation of the existing conditions of the 
project area. It is true that if all the project requires is four corners of a building or room, then 
using a scanner is like using a sledgehammer for fine woodworking. However, if you are trying 
to understand a cluttered pipe gallery inside a pump room or stonework on a historic building, 
LiDAR is by far the better tool. It should never be said that LiDAR is a silver bullet or that it 
should be used on every job. We have been involved with projects that either used the wrong 
type of scanner or were not good candidates for LiDAR, and they resulted in negative outcomes. 
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CD Real World Scenario 


KNOW YOUR SCANNER 


There is no firm rule on what type of scanner you should use in a given condition. When used suc- 
cessfully, LiDAR can be fast and accurate and provide a lot of value. As an example, on one project 
we incorporated a color LiDAR scan for a 250,000-square-foot interior space for a client who needed 
to keep a facility operational for 20 hours per day. We were able to work with a scanning provider 
to scan only between 1 a.m. and 4 a.m., and they were able to scan all 250,000 square feet in the 
course of a single week! That is a lot of area to cover very quickly. 


Although that is an example of a successful scan, scanners can also just as easily fail if they are 
not executed properly. One place where you will need to exercise caution is when scanning historic 
structures. The level of detail you specify will need to be higher in order to take into account build- 
ing elements like intricate stonework or reliefs. We have seen scans become so detailed that the 
files are nearly unusable because they have so many points. But if a scan is not dense enough, it 
will not capture the required detail. If it’s the first time you're specifying a LiDAR scan, be sure to 
ask the advice of someone experienced in the technology. 


As with most projects, safety is of paramount importance. This is one aspect of LIDAR 
that can be easily overlooked. LIDAR gives you the ability to measure objects without having 
to physically touch them, such as things that are out of reach, in a hazardous area, or in a 
confined space. In certain conditions or spaces, LiDAR can add a level of safety that is otherwise 
nonexistent. For example, with LiDAR you can measure electrical equipment that is not safe to 
touch, or you can collect information above a drop ceiling or in other confined areas. You can 
also collect information in busy and congested areas without needing to enter those areas—for 
example, a building that is under construction or a building that might be structurally failing 
and is not safe to enter. 

When used correctly, LIDAR scanners are accurate and can collect information about 
building features to within millimeters of their actual position. It is not because LIDAR is more 
accurate than other reality data-capture technologies, but rather that you have the ability to 
collect high-resolution, spatially accurate data about the entire environment of a site or building. 
It becomes about the ability to accurately locate things that were typically not located with 
high accuracy in the past, like window and door openings, mechanical fixtures, and external 
building detail. Again, it is not the overall accuracy that is valuable. Even if you did locate the 
things like architectural detailing with a traditional survey, it was typically not spatially correct 
to the rest of the building. Now imagine that you could have all of the internal and external 
building openings located and shown together in the same model and then throw in the 
architectural detailing and the building facades. That would be a complete and accurate picture 
of the existing conditions of a building, and that is exactly what you get with LiDAR. 

There are two forms of accuracy when talking about LiDAR: relative and absolute. Relative 
accuracy refers to the position of each x, y, z point in space and its location to all other x, y, z points 
in that same space. Absolute accuracy is concerned with the real-world position of those x, y, z 
points (northings, eastings, and elevation). It is important to be aware of the absolute accuracy of 
the point cloud if you are trying to position something on a site that has to be specifically located. 
In most architectural applications, relative accuracy is of more interest than absolute accuracy. 
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Imagine combining the clarity of a digital camera with the accuracy of a survey measurement 
device. Actually, you don’t have to imagine this because this is essentially what a laser scanner 
provides. When you combine these two things, you have a representation of the existing world 
that will give you the ability to visualize things that have not been possible in the past. In this 
section, we'll discuss a series of illustrations demonstrating common uses for LiDAR scans. 

One of the most common uses for LiDAR scans is documenting as-built conditions of 
existing facilities. Figure 21.2 shows an axonometric section of an industrial building. You can 
see the point cloud (all the small dots) overlaid against the building itself (the Revit objects). 
Notice as well the small, yellow cylinders on tripods. There are seven of them within this view. 
Those represent each of the survey points for the laser-scanning equipment. Since creating 
point clouds is a line-of-sight technology, the complexity of the building comes into play when 
establishing locations for survey points. 
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The next obvious step past the 3D model elements is creating 2D documentation. In 
Figure 21.3 you can see the point cloud for an industrial plant and all of the complex piping that 
runs through it. This isn’t a photograph—it’s actually the image derived from the points within 
the scan. This image was overlaid into Revit to create the piping layout next to it. Imagine the 
amount of time it would take to measure and verify all this information in the field. With the 
LiDAR scan, it’s all right there in 3D. 

Another common use of LiDAR in the modeling environment is to verify existing conditions 
that you might already have modeled. Even if you had as-built drawings of an existing building, 
they might not reflect the changes that could have occurred over the life of the building or be 
accurate to the degree you need for the upcoming project. Even as the contracting world has 
greatly advanced to embrace building information modeling (BIM) and on-site coordination, 
not everything gets placed where it was drawn (for various reasons). But more and more owners 
are asking for as-built models at the end of the construction process. What has changed or what 
was omitted from the model or construction? By overlaying the model with the scan, you can 
visually compare the two, as shown in Figure 21.4. 
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FIGURE 21.3 

A LiDAR image and 
the 3D model derived 
from it 





FIGURE 21.4 
Comparing existing 
conditions to model 
elements 
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LiDAR can also show you variation to a very fine degree within the scan data in existing 
buildings. This can be floors that have variation in the slab, walls that aren’t plumb, slope in 
joists, and so on. In Figure 21.5, you can see a LiDAR scan that is using a heat map of a floor slab. 
The warmer colors are closer; the cooler ones are farther away. You can see the variation in the 
floor slab. By scanning the floor, we were able to tell that over a couple hundred feet we had 
almost 3" of variation over the floor. In this project, the point cloud was used to calculate the 
amount of floor leveler needed to bring the floor to a flat, level plane and explain that cost to the 
client. 


FIGURE 21.5 
LiDAR shown as a 
heat map for floor 
deflection 





Planning for a LiDAR Survey 


Several factors come into play when you are trying to plan a laser scan. Planning is an 
important part of the process. If planning is done poorly, your scan data will be insufficient (or 
overzealous), leading to problems when you need to migrate the point cloud into Revit elements. 
It’s important to have an understanding of the scan-planning process so that you are able to 
communicate the project requirements to the service provider. In this section, we'll discuss the 
basics of preparing for a scan, what to look for, and how to plan for a scan in your facility. 


Exterior or Interior 


Knowing whether you need an exterior or interior scan is important because it will largely 
determine the type of scanning equipment you should use. If your project is exterior in scope 
and/or requires you to collect information that is more than 80' (24 m) away from the scanner, 
you will want to use or hire a time-of-flight scanner. If your project is an interior space that is 
limited to shorter lines of sight, you will want to use a phase-shift scanner because of the high- 
speed data-collection capabilities at short range. 


SCANNER INTEROPERABILITY 


There is no rule that says that you can’t use a time-of-flight scanner in an interior environment or 
a phase-based scanner in an exterior setting. However, the scanners are somewhat purpose-built 
for optimal operation within the environments that suit them. The recommendation is to use the 
right scanner for the right project to achieve the highest ROI. 
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Level of Detail 


This is typically the most difficult factor to determine. This is also one of the largest cost drivers 
for a LiDAR project, and if it’s misunderstood or specified incorrectly, there is a risk that the 
scan won't meet your needs. Not planning for enough detail might lead you to scan again, 
while planning for too much detail will result in receiving way too many points, huge files, and 
unwieldy point clouds. 

There are two levels of detail in LiDAR project delivery: 


Point Cloud Level of Detail This will affect the amount of field collection time. A higher 
level of detail = more field time = higher cost. 


Level of Detail of the Derivatives What is the smallest scale of things you'll want in the 
scan? This will affect the amount of office processing and modeling time and typically 
refers to the lowest level of modeling detail. An example would be specifying scanning all 
pipes greater than or equal to 6" (150 mm) diameter. Again, a higher level of detail = more 
modeling time = higher cost. 


You must have a good grasp of your project needs when planning for LiDAR data collection 
and modeling so that you can convey the requirements to those conducting the scan. Unclear 
direction to a service provider can result in enormous blows to schedule and budget. For 
example, if you call a LIDAR service provider and say, “I need to have LiDAR collected on my 
project and I need it delivered as a 3D as-built model,” that can mean many different things. 
You need to take the time to clearly specify the project requirements so that the provider doesn’t 
spend two months modeling an entire building when you needed only the door and window 
openings. 


Imagery and Color 


Some scanners have built-in digital cameras that take panoramic photos and stitch them 
together. The colors from the photos can then be draped onto the point clouds to give them 

a “true-color” appearance. Some scanners do not have a built-in camera and will deliver a 

point cloud in black-and-white pixels. This requires the service provider to collect the imagery 
manually and postprocess it in order to drape it to the point cloud if color is desired. Figure 21.6 
shows the possible difference with the same image. The image on the left is a color scan, 
whereas the image on the right is devoid of color. Depending on what you need to get out of the 
scan, one will be better than the other. 


Schedule 


When trying to set your scanning schedule, the trick is to manage your LiDAR delivery 
expectations with the level of detail that is required. In other words, if the delivery is simply 
a geo-referenced point cloud, it can be delivered shortly after field collection. If the delivery 
calls for a 3D model of the entire building, including the architectural, structural, mechanical, 
electrical, and plumbing components, then it is going to take a while longer to create. 

You must also take into account the requirements of the building or facility you're planning 
to scan. Are there security requirements? Does the building need to remain operational during 
the day, which means the scanning needs to be done at night? A host of issues will need to be 
coordinated with the building owner to ensure that the scanning can happen in a way that will 
meet all the requirements. 
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FIGURE 21.6 

A color point cloud 
and a black-and-white 
point cloud 
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Once you have answered these questions, it is a good time to map out the scanner locations 
on the site to ensure proper coverage. This is also a good tool for estimating field time and cost. 
The best way to do this is to use any existing drawings that are available to map out circles that 
represent the scanner locations. For example, if it is an interior scan, you can use an existing 
floor plan to plot out the circles. You will most likely be using a phase-based scanner with an 
effective range of 60' (18 m). You can scale and plot 60' (18 m) diameter circles on the floor plan to 
look at the coverage, remembering that you'll need line of sight for each of the circles. So if you 
are scanning an office space and you have an enclosed conference room, it will need to be set 
up as another scan point even if it falls within another 60' (18 m) circle. Once you have covered 
the area on paper, you will know how many scan setups you will need. From there it becomes 
simple math to get a rough estimate of the necessary field time. The following formula is a good 
rule of thumb to get a rough estimate of time: 


Scan points (or circles) x 20 minutes per location = approximate time 
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Using the Scan in a Project 


Once your LiDAR scan is complete and processed by the scanner, you will have a point cloud 
to use. This point cloud is literally just that—millions of small points geolocated in a three- 
dimensional field. Finally, with a point cloud in hand, you can begin creating Revit objects 
around it and generating the building form. Point cloud importing became available with the 
release of Revit Architecture 2012, and you are allowed to import several raw formats of point 
cloud data. This list includes 3DD, ASC, CL3, CLR, E57, FLS, FWS, IXF, LAS, PTG, PTS, PTX, 
XYB, and XYZ. If you're having a scan performed on your building, you'll want to ensure that 
the point cloud you receive from the scanner will be one of those file types. Figure 21.7 shows 
the dialog box for importing native point cloud files. 


FIGURE 21.7 
Importing the point 
cloud data 
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POINT CLOUD SIZE 


Point clouds are made up of millions of points in a three-dimensional field. Because each point not 
only contains x, y, and z data but can also contain RGB color values (in the case of a color scan), 
point cloud files can be large. They can be so large, in fact, that a single scan point can be 4 or 5 GB 
in size, making the entire scan require up to hundreds of gigabytes of storage. Holding one or 
more of these scans can eclipse your office’s network capabilities. Be careful not to overload your 
network with scan data. 
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Once you receive the point cloud files from the scanner, the next step is to get them loaded 
into your Revit model. For the following exercise, we're going to use an example point cloud 
scan of the lighthouse at Fort Gratiot. The lighthouse was the first in the state of Michigan; 
built in 1829, it marks the entrance to the St. Clair River from Lake Huron. The point cloud was 
generously donated for use in this book by Midwestern Consulting, who performed the LiDAR 
scan and created the point cloud (www.midwesternconsulting.com). 





You can download the finished file from the book’s web page, www. sybex. com/go/ 
masteringrevitarch2016. It’sinthe Chapter 21 folder and it’s named c21_PointClouds_ 
Start.rvt. The point cloud is a reference file and will need to be downloaded separately. 
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The file is called Fort Gratiot Lighthouse.rcs. Due to the large size of point cloud files 
(this RCS file is 2.7 GB), we have provided only the compressed, indexed point cloud and 

not the original, unindexed file. We'll discuss the differences between the compressed and 
uncompressed point cloud files in the next section. 


Getting Started with a Point Cloud 


To begin using a point cloud that you've just received from a scanner, you'll need to insert the 
file into Revit. The first time you load one of these files into Revit, Revit will need to convert 
your scan file to an RCS file type. This is an Autodesk proprietary file type that will compress 
the original scan and optimize it for use in Revit. Converting this file will create a new file on 
your system, taking up more drive space (plan ahead!). The processing for converting this file 
can take some time based on your processor speed and the I/O speed of your hard drive, so be 
patient. It has to happen only once, but it will be once for every scan point you import. 

One recommendation for ease of use within the model is to import the point cloud data files 
into a separate Revit file and then link the new file into your main model. This will keep the 
main model from being weighed down by all the point cloud files. Another option would be to 
place the linked file in its own workset to simplify turning the inserted point clouds on or off. 
No one wants to manually turn on or off a hundred linked files! 

To get started, open the default Architectural template in Revit and select the Insert tab. From 
the Link panel, choose the Point Cloud button. Choosing this button will open the Link Point 
Cloud dialog box (Figure 21.7). You'll have the same options for positioning the point cloud 
that you do when linking in other Revit files—namely to link via center to center, origin to 
origin, or shared coordinates. Regardless of the method you choose, make sure you remember 
it. Your LiDAR scan will consist of a file for every scan point—which can be hundreds of scan 
points depending on your building. You'll want to link them each in the same way so they all 
co-locate properly. 

Select the Files Of Type drop-down and choose the Raw Formats option. This will allow 
you to select the file you've received from the scanner. Choosing the raw file will convert the 
point cloud files to an RCS format by using the Insert Point Cloud tool. Once you select the file, 
you will be asked if you'd like to index the file. This process can be very time consuming, so be 
patient (Figure 21.8). It is also possible to batch-convert these files with this utility. 


FIGURE 21.8 inn re | 
Converting the point 
cloud files The following files are not an indexed 


format. Would you like Revit to create a 
new Index File? 


Fort Gratiot Lighthouse Example Point Cloud.pts 


Revit can create new indexed (.rcs) files. Creating an 
index may take some time. Once complete you can link 
this new file. 
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Revit 2016 contains a Point Cloud File Indexing utility that will compress the point cloud 
into a format usable by Revit. It can index one or more point clouds into RCS files. Once you 
select the native file from your scanner and agree to index the file, you'll see the Point Cloud 
File Indexing dialog box (Figure 21.9). Click the Start Indexing button to begin the process. 
Once you've started, Revit will give you a countdown until the file(s) are done. While this is 
happening, you can continue to work on other tasks within Revit. The default location for the 
indexed file is the same location as the original file. The new files are a bit more than half the 
size of the original, so make sure your drive has enough space before you begin indexing. 


FIGURE 21.9 
Indexing the point 


cloud to an RCS file Scan files indexed: 0, Failed: 0 
You can work in Revit while files are indexing. 
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Once your file indexing is complete, you'll need to insert your new RCS file into Revit. To 
do this, choose the Point Cloud button again, and in the Link Point Cloud dialog box, click the 
Files Of Type drop-down again. This time select Point Clouds (*.rcs) and browse to your newly 
created file (Figure 21.10). You have the option to insert this RCS file as you would any other 
linked Revit or CAD file. In our case, we chose Origin To Origin. Note that this is also the file 
we've provided as part of the download for this chapter. 


FIGURE 21.10 
Inserting the point 
cloud into a blank 


Revit template Raw formats (*.3dd, *.asc, *.c13, "cir, "257, “fis, “fws, “uef, “las, “les, * 


All Files (*." 
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Your inserted point cloud file is a black-and-white point cloud. The inserted file looks like 
Figure 21.11. 


FIGURE 21.11 
The inserted point 
cloud 





One of the great things about point clouds is that they can be cut and manipulated like 
Revit geometry to some extent. You can cut plans, sections, or any other view type of the point 
cloud to help isolate the view to get a better understanding of the objects in the point cloud 
(Figure 21.12). There’s also a significant amount of detail within the point cloud. You probably 
can’t see it here in printed form, but if you view this RCS file, you'll be able to see the individual 
bricks that make up the lighthouse. 

In most cases, you're going to be working with more than one point cloud file, and you'll 
want to insert multiple point clouds into your Revit file. Once you've inserted your first point 
cloud, you'll notice that your options have changed slightly in the Point Cloud dialog box. 
After you import the first RCS file, a new option is available in the Link Point Cloud dialog box. 
When you go to insert the second or nth point cloud, the Positioning drop-down menu will 
give you the option to place the rest of your files from the origin to the last-placed point cloud 
(Figure 21.13). This will allow the point clouds to insert relative to one another. If you choose to 
split the point cloud Revit model into multiple Revit files, keep the last RCS file imported to use 
in the other files for the Origin To Last Placed option. 


FIGURE 21.12 
Plan and section of 
the point cloud 


FIGURE 21.13 

Using the Positioning 
drop-down menu in 
the Link Point Cloud 
dialog box 
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MANAGING A LARGE POINT CLOUD 


As we've mentioned, point clouds make for very large files that will consume a lot of RAM. It’s impor- 
tant to manage the content so your files remain usable. Place groups of imported RCS files on worksets 
specifically for your point clouds. If you imported them into a separate file, don’t worry—you can still 
turn the worksets on or off from the main model through the Visibility/Graphic Overrides dialog box. 
Keeping the point clouds separate will allow you to have a cleaner list of worksets in the main model. 


If a building model has already been started in a separate file (for example, an as-built 
model that you're verifying with the laser scan), we recommend that you align the first point 
cloud you've inserted by linking this point cloud Revit file into your building model Revit file. 
The best way to align the point cloud and building model is to find a good location where the 
building geometry is well defined and the point cloud is clear. Ideally this will occur at a wall, 
floor, or other piece of static geometry that is shared between your model and the point cloud. 
This essentially becomes your 0,0 point for the model and cloud relationship. 

If visibility within your view is problematic, you can limit the view range or apply a scope 
box. This will allow you to limit the number of points within the view to get a decent reading; 
otherwise, too many points can get unclear and overwhelming (Figure 21.14). 


FIGURE 21.14 
Use a scope box to 
limit the point cloud. 
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Modeling with a Point Cloud 


Back to our model and working with the point cloud. So far, we’ve contacted a laser scanner 
provider, gotten a scan performed, and collected the scan data. Revit has processed the native 
point cloud file into an RCS file, and we’ve inserted that into our model. What we need to do 
next is begin creating the model content. 

We're going to start creating this content with the keeper’s quarters, the small building 
attached to the base of the Revit model. To effectively work on this part of the building, you 
need to isolate this portion of the point cloud from the tower. As we’ve mentioned, this is to 
keep the model reacting quickly to your commands. 


1. Start by duplicating Level 1 in the Project Browser. To do this, right-click Level 1 and 
choose Duplicate View > Duplicate from the context menu. Right-click the newly created 
Copy of Level 1 and choose Rename from the context menu. Name your new level 
Level 1 — Keeper’s Quarters. 


2. In the view you just created, open the Properties palette and check the boxes for Crop 
View and Crop View Visible. This will turn on the crop region around the point cloud. 
We're looking to isolate the keeper’s quarters, so drag in the edges of the point cloud until 
you can isolate the house on the left of the tower (Figure 21.15). 


FIGURE 21.15 
Cropping the 
keeper's quarters 





3. From the site visit and what we can see in the point cloud, we know the lighthouse 
and keeper’s quarters are solid brick in structure. The keeper’s quarters is a one-story 
brick building with a plaster finish coat on the interior. The building is historic and 
won't fit within the context of modern construction practices, so we'll need to do a bit of 
measuring. Zooming in on the upper-right corner of the view, we can use the Measure 
tool to figure out the average thickness of the wall (Figure 21.16). Based on taking some 
sample measurements, we’re going to assume an average width of 4 %" (115 mm). 
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FIGURE 21.16 | 
Analyzing the | 
wall thickness 2 Pe ae Paranal “a 5 YS 
| 
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4. Because this is a nonstandard wall type, we probably won't have this wall as part of our 
office standard template. We’ll need to create the wall type so we can begin to create the 
wall. Since we are documenting existing conditions, we're going to use a rather generic wall 
type. From the Architecture tab, choose the Wall tool. Choose Basic Wall Generic 8" (Basic 
Wall — 200 mm) as a starting point for your new wall. From the Properties palette, select Edit 
Type. Duplicate this new wall and name it Generic — 4 1/2" (Generic 115 mm) and click OK. 
Still in the Type Properties dialog box, click the Edit button for the wall structure. Change 
the wall thickness to 4 1/2" (115 mm) and click OK to exit the dialog boxes (Figure 21.17). 


FIGURE 21.17 
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3. With the wall type created, you're ready to begin drawing walls. Using the point cloud 
as a background, trace over the wall locations. You'll notice as you're doing this that the 
walls of the keeper’s quarters are not necessarily square and straight (Figure 21.18). You'll 
need to use your best judgment to place and locate the walls relative to the laser scan. As 
you do more and more modeling against laser scans, you'll find that this condition exists, 
especially in older structures. Your tolerances for accuracy will be impacted by how true 
the building is that you’re modeling against. 


FIGURE 21.18 
Working with 
untrue existing 
building conditions 
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MANAGING THE MINUTIA 


When modeling against a point cloud, it’s easy to get drawn into making elements very precise and 
small. This approach can be effective if what you're modeling requires that level of detail, but it can 
also consume a vast amount of your time. Before you begin any project modeling existing content, 
it’s a good idea to define at what level of detail you'll be modeling various components. This can 
be as formal as creating a BIM plan or as simple as just creating a list of how far you'll take major 
components. Doing so will not only give you a benchmark for your efforts, but it will also help your 
consultants and owner manage their expectations of what and how much youre going to model. 


It’s also important to remember to zoom out from time to time and look at the project in context. 
Although it’s easy to get consumed making small things accurate, it’s also easy to forget to view 
all of those things in the context of the project. Take the opportunity to look at the big picture. In 
this project, we created a 3D view of the keeper’s quarters using a scope box. It’s good to reference 
from time to time to see how your work is progressing. 


6. The workflow for the rest of this building is similar to the plan conditions. We’ve 
duplicated the South, North, and West elevations, cropping the views down to only the 
keeper’s quarters. As you step through each of these views, you'll need to create families 
and objects within Revit to mimic the conditions of the existing building. As an example, 
in our plan we had to measure and re-create the exterior walls. In the elevations, you'll 
need to create the doors, windows, and roof conditions (Figure 21.19). 


FIGURE 21.19 
Modeling the other 
building components 
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Obviously, depending on how standard your building is, this process can take some time. Be 
patient working your way around the building and be sure to document the conditions. As you 
go, you'll discover workflows that will help you become more efficient with your processes. 





Manipulating a Point Cloud 


What if you want to modify parts of the point cloud? Say your scan of a building was taken 
while it was occupied and you'd like to remove the people, as in Figure 21.1. Or suppose you 
had an interior scan and you'd like to remove some of the furniture in the scan. The Autodesk® 
ReCap™ tool allows you to easily manipulate point cloud data and remove unneeded scan 
content. The application will create the same RCS file that Revit will, and the files are usable 
between applications. So, scans you manipulate in ReCap can then be inserted into Revit and 
used for your project. ReCap has some additional tools that allow you to run basic analysis 
against the model, such as elevation changes (Figure 21.20), scan point locations, and point 
intensity. You can find out more about ReCap at ww. autodesk.com/products/recap/ 
overview. 


FIGURE 21.20 
The lighthouse point 
cloud in ReCap 
showing the building 


elevations 
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TIPS FOR USING POINT CLOUDS 


There are some workflows that will help you optimize modeling using a point cloud. Use these tips 
to help limit your frustration and keep Revit running optimally: 


è 


Make sure you have enough RAM. Any point cloud you’re working with will be a large one. 
Make sure your computer has sufficient RAM to be able to open and navigate through the point 
cloud. A good starting amount is 12-16 GB. 


Work in portions. When you receive a point cloud, you'll probably receive several, maybe hun- 
dreds of files. Work with small groups of files—don’t try to import every point cloud into Revit 
at the same time. If you receive several scan points, you might limit the number you index at 
the same time. You can link several RCS files into your model—there is no need to index all the 
scan points into one, large RCS file. This will prevent you from overburdening your computer 
and keep the model responsive. 


Use the Section Box tool to limit what you see. Looking into the depths of a point cloud can be 
confusing. Because each entity is just a collection of dots, staring at many things on the screen 
at the same time can make it hard to discern one element from another. Use the Section Box 
tool or limit the depth of your elevation views to view only the items you're currently modeling. 
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The Bottom Line 


Understand how to create a point cloud. Point clouds are created with laser-scanning 
equipment typically by a surveyor or other LiDAR provider. Understanding the processes 
behind creating point clouds is critical to being able to plan a scan for your project. 


Master It What are the two types of LiDAR scanners and how do they differ? 


Plan forascan. Planning a point cloud scan is an important part of the process. This will 
help ensure that you collect all the information that you need inside the building and don’t 
have to repeat the scan because something was overlooked. 


Master It What are the key elements to planning a LIDAR scan? 


Work with the point cloud in Revit. Once you import the point cloud into Revit, you can 
begin modeling. Understanding how to use that data in the model will keep your project 
moving efficiently and your frustration at a minimum. 


Master It List some of the ways you can optimize point cloud performance in Revit. 


Appendices 


In this section you will find: 


@ Appendix A: The Bottom Line 
@ Appendix B: Tips, Tricks, and Troubleshooting 
@ Appendix C: Autodesk Revit Architecture Certification 





Appendix A 


The Bottom Line 


Each of The Bottom Line sections in the chapters suggests exercises to deepen skills and 
understanding. Sometimes there is only one possible solution, but often you are encouraged to 
use your skills and creativity to create something that builds on what you know and lets you 
explore one of many possibilities. 


Chapter 1: Introduction: The Basics of BIM 


Understand a BIM workflow. Understand how projects are completed in BIM and how the 
use of Revit software on a project can change how information within a project is created. 


Master It Explain one of the primary differences between a more traditional 2D CAD- 
based workflow and producing documents using Revit. 


Solution Ina2DCAD-based workflow, documents are created by team members 
by creating plans, sections, elevations, and details, all as separate drawings, and then 
manually coordinating that content for the project set. In a BIM or Revit workflow, the 
plans, sections, elevations, and perspectives are a by-product of creating the virtual 
building model and are coordinated through updates made to the model itself. 


Leverage BIM processes. Understanding the level of risk your firm is willing to take in 
new technologies will help you establish goals for your future use of BIM. 


Master It Using the three areas of firm integration (visualization, analysis, and 
strategy), define how those areas overlap for your firm or project. 


Solution Remember, there is no wrong answer in mapping a path forward for your firm 
or project. The important thing is to identify which areas are critical to the workflow of 
your firm to help you focus your future efforts. 


Focus your investment in BIM. Since using Revit software is a change in workflow, it is 
also important to understand the change in staffing and who is needed to perform what roles 
on a project. 


Master It What are the three primary roles in a Revit project, and what are the 
responsibilities of those roles? 


Solution Every successful Revit project will need three roles accounted for. These roles 
do not need to be individual people; one person can assume all three roles at any point in 
the project. The roles are architect, modeler, and drafter. These roles are responsible for 
understanding and articulating the design, creating model content, and laying out and 
annotating the documentation, respectively. 
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Chapter 2: Applying the Principles of the User Interface 
and Project Organization 


Understand the user interface. In addition to understanding how your project is 
organized, to use Revit software well you must understand how the UI is organized. Once 
you grasp both of these concepts, you'll be ready to move ahead. 


Master It The “big” areas of the UI are the ribbon, the Properties palette, the Project 
Browser, and the drawing area. How do these areas work together, and what tabs 
correspond to an iterative design process? 


Solution The Architecture tab is where you'll turn in your early design process because 
it contains datum objects, system families, component families, and spaces. As the design 
develops, you'll establish your views from the View tab. When you start to get into 
documentation, you'll work from the Annotate tab. Having panels from the Modify tab 
pulled off and close at hand will keep you from having to go between one contextual tab 
and another. 


Understand project organization. The compelling advantage of being able to design, 
document, and manage your project across multiple disciplines—the architectural, 
structural, and mechanical disciplines—is something that you can do only in Revit software, 
and understanding project workflow is key to getting off on the right foot. 


Master It Thinking back to the Revit organizational chart shown in Figure 2.22, what 
are the main components of a Revit project, and how can you apply them to your design 
process? How do these categories directly affect your design workflow? 


Solution The top-level categories of a Revit project are datum, content, views, and 
management. They correspond to the design process of maintaining relationships, 
repetition, representations, and restrictions. Keep these corollaries in mind as you move 
sequentially from schematic design, design development, construction documentation, 
and construction management. 


Chapter 3: The Basics of the Toolbox 


Select, modify, and replace elements. Many fundamental interactions are supported by 
Revit software to select just what you need and to modify elements efficiently. 


Master It How can you quickly select only the door tags in a plan view and switch them 
to another type? 


Solution First, window-select the entire plan. Then, using the Filter tool in the Modify 
tab of the ribbon, select only the Door Tags category, close the Filter dialog box, and 
change the type in the Properties palette. 


Edit elements interactively. The editing tools in Revit are similar to those found in other 
CAD and BIM software programs. Tools such as Move, Copy, and Trim are available on the 
Modify tab of the ribbon. 


Master It How do you create a parametric repetition of an element? 


Solution Select an element and activate the Array tool from the Modify tab of the 
ribbon. Specify a linear array with the Group And Associate option, and choose either 
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Move To 2nd for specific element spacing or Move To Last for consistent overall length 
with varied element spacing. 


Use other editing tools. Beyond the basic editing tools are more advanced commands to 
help you consistently and intelligently populate a building model with content. 


Master It How do you copy model elements in the same location for a multistory 
building? 
Solution Select the required elements and copy them to the Clipboard (Ctrl+C). From 


the Clipboard panel in the Modify tab, select Paste > Aligned To Selected Levels, and 
then choose the levels to which you'd like to paste the copied content. 


Create site context for your project. The site tools allow you to create context for your 
building models, including topographic surfaces, graded regions, and property lines. 


Master It Describe the different methods used to create a topographic surface. 


Solution A topographic surface can be created by placing points at specific elevations 
relative to internal project coordinates, by using an imported 3D CAD file from a 

civil engineering software program, or by using a text file that contains the x-, y-, and 
z-coordinates of a field of points. 


Chapter 4: Configuring Templates and Standards 


Define settings for graphic quality and consistency. The fundamental building blocks for 
any template are the customized settings to object styles, line styles, fill patterns, materials, 
and more. 


Master It How cana complex custom-fill pattern be imported? 


Solution Use a text-editing application to create a custom pattern or copy a pattern from 
another application. Be sure to add lines to the pattern definition that describe the units and 
pattern type. In the New Pattern dialog box, choose Custom and click the Import button to 
select your custom pattern file. Adjust the pattern as necessary for the desired result. 


Organize views for maximum efficiency. The project template can be used to capture a 
framework supporting your visual and organizational standards. 


Master It How can you customize the Project Browser to support your business needs? 


Solution Filtering folders based on view types and documentation helps the entire 
team quickly find what they’re looking for in a project. Your project template can also 
exclude views that are not needed based on a specific task. For example, if you're in 
design development, you can exclude previous views and sheets that were part of a 
previous schematic design stage. 


Create custom annotation families. Developing a graphic style to match your standards 
will usually require you to edit some annotation families or create them from scratch. 


Master It Cana single label display more than one parameter? How are custom view 
tags loaded into a project? 


Solution A single label can show more than one parameter—and even custom 
parameters. Just remember to place the label with the Label tool. Assign the label to 
report the desired parameters. 
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Start a project with a custom template. Making your custom template available for new 
projects ensures that all future projects will maintain the same level of graphic quality and 
efficiency you expect. 


Master It How do you set your own custom project template to be the default for new 
projects? 


Solution Click the Application button, select the Options button, and navigate to 

the File Locations tab. Click the Browse button for the Default Template File field, 

and navigate to the location of your custom project template. From now on, click the 
Application button, select New > Project, and select New in the Recent Files window—or 
press Ctrl+N—to use your new template as the basis for the new project. 


Develop a template management strategy. Organizing your standards, content, and 
settings while using Revit tools to transfer content will make your effort more efficient. 


Master It How do you insert your standard details from one Revit project to another? 
How do you transfer settings such as materials? 


Solution 2D content such as standard details can be stored in separate Revit project 
files and loaded when needed. One way to do this is with the Insert Views From File 

tool in the Insert tab. Select an RVT project file, and then choose eligible views such as 
drafting views, sheets, or schedules. They are transferred into your active project with 

all associated parameters. To transfer settings and styles such as materials, select the 
Manage tab and click Transfer Project Standards. Remember to open another project from 
which you'd like to transfer settings before running this tool. 


Chapter 5: Working in a Team 


Understand key worksharing concepts. Once the team has created local files, it is 
necessary to understand how to keep both the local files and the central file up to date as 
changes occur on the project. Doing so ensures that everyone is working from an updated 
and recent copy of the model at all times. 


Master It Once you've begun working in your local file, how do you publish your changes 
to the central file? How do you download changes from the central file to your local file? 


Solution The easiest way to do this is by using the Synchronize With Central command, 
which is accessible from the Collaborate tab and also from the Quick Access toolbar. To 
download changes from others without uploading your latest work, use the Reload Latest 
(RL) command. 


Enable worksharing on your project. Knowing how to activate and use worksharing is 
indispensable to working in a team environment using Revit. 


Master It How do you transition a single-user Revit file to a multiuser environment 
using worksharing? 


Solution ‘To activate worksharing, click the Worksets button on the Collaborate tab. 
This will initiate the worksharing feature and divide your model into the two default 
worksets. To allow others to access the model, you will need to choose File > Save As 
and save the file to a network location. After this, close the file. Each team member then 
makes a local copy of this network file and works exclusively within their local copy. 
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Organize worksets in your model. There is no single rule for organizing worksets in your 
project models; however, they can be used to your team’s advantage. You can use worksets to 
better organize larger projects and for additional visibility control. 


Master It How do you assign objects to worksets? How do you change an object’s 
workset assignment? 


Solution As model elements are added to a project, they are assigned to the active 
workset selected by the user. The active workset is visible in either the Collaborate tab 
in the ribbon or in the status bar. An object’s workset assignment can be changed in the 
Properties palette at any time. 


Manage workflow with worksharing. Once the central file has been created, you'll need to 
organize and structure the model into logical worksets to maintain workflow with Revit. 


Master It How do worksets differ from layers in 2D CAD? What are some logical ways 
to create worksets within a model? 


Solution 2D CAD layers were logically divided around individual elements in isolated 
files. In Revit, because everything is in one file and you are working with 3D objects, not 
just model lines, you need to use worksets to divide the building in different ways. Some 
logical workset divisions would be Shell And Core, Interiors, FF&E, and Site. 


Understand element ownership in worksets. Editing elements in a central file means you 
have sole ownership over further changes to those elements. Understanding the permissions 
is critical to working in a team. 


Master It How do you edit an element in the model if someone has already taken 
ownership of it in a worksharing environment? 


Solution Trying to edit the element initiates a request for permissions in Revit. When 
you alert the other team member of your desire to have ownership of this element, that 
person can grant your permission request using the Editing Requests button on the 
Collaborate tab. 


Collaborate in the cloud. Not all of your team members will be Revit-savvy and know 
how to use the tools. Additionally, not everyone on the team will have a copy of Revit, 
but you might still need their input and comments on the design. Learning to leverage 
complementary tools to Revit is critical to keeping a project moving smoothly. 


Master It How do you use the cloud to get feedback from non-Revit users on a project team? 


Solution Create a series of views in your project, making sure to name them in a way 
that is easy for other team members to understand. These views can be plans, sections, 
elevations, or 3D views. Share the Revit model with team members using http: //360 
.autodesk.com. The site will allow them to browse the views and add comments. 


Chapter 6: Working with Consultants 


Prepare for interdisciplinary collaboration. Proper planning and communication are the 
foundation of effective collaboration. Although only some client organizations may require a 
BIM planning document, it is a recommended strategy for all design teams. 


Master It What are the key elements of a BIM execution plan? 


902 


APPENDIXA THEBOTTOM LINE 


Solution An effective BIM execution plan will first list the goals and uses of building 
information modeling as well as the scope of the data to be developed. It will also list 
the software platforms to be used, information exchange process, delivery strategy, and 
technology infrastructure. 


Collaborate using linked Revit models. The most basic tool for collaboration is the 
ability to view consultants’ data directly within the context of your own model. Project files 
from other disciplines can be linked and displayed with predictable visual fidelity without 
complex conversion processes. 


Master It How can worksharing complement the use of linked Revit models? 


Solution Placing each linked model on a unique workset allows team members to 
choose when to load or unload the linked models without affecting their teammates. 
Worksets within linked models can also help you manage graphic quality using the 
ability to load or unload worksets globally. 


Use Copy/Monitor between linked models. The Coordination Monitor tools establish 
intelligent bonds between elements in a host file and correlating elements in a linked model. 
They also support a workflow that respects the needs of discrete teams developing their own 
data, perhaps on a different schedule than that of other team members. 


Master It How can grids in two different Revit projects be related? 


Solution The Copy/Monitor tool allows you to copy elements such as grids from a 
linked file into a host file and monitor the linked element for changes. 


Run interference checks. Interference checking—also known as clash detection—is one of 
the most important components of building information modeling. It is the essence of virtual 
construction and has the greatest potential for cost savings during the physical construction 
process. 


Master It How do you find interfering objects between two linked Revit models? 


Solution On the Collaborate tab, locate the Coordinate panel and choose Interference 
Check > Run Interference Check. If you are using linked models, select the desired 
linked project in the Categories From drop-down list while keeping the other column 
set to Current Project. Select the desired object categories in the left and right columns 
(for example, choose Structural Framing from a structural model and Ducts from an 
MEP model). Click OK to run the check. The results can be exported to a report for 
coordination with others. 


Chapter 7: Interoperability: Working Multiplatform 


Use imported 2D CAD data. CAD data can be integrated into your Revit project in a 
number of ways: as plans of existing conditions, as fixture layouts from consultants, or as 
standard details from your company’s library. 


Master It How can CAD details be used in a Revit project? 


Solution Create a new drafting view for a single detail. From the Insert tab, choose Link 
CAD and select a DWG detail file. During linking, set the colors to Black And White. 
Make sure the scale of the drafting view matches the notation scale of the CAD detail. 
Use the Query tool to turn off unwanted layers within the linked file. 
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Export 2D CAD data. The ability to deliver quality 2D information to other constituents 
involved in your project is as important as importing it into the Revit environment. 
Appropriately formatted views, standardized layer templates, and proper coordinate settings 
will result in happy team members and a smooth coordination process. 


Master It Does Revit software comply with the National CAD Standard? 


Solution Yes, you have the ability to map Revit model categories to standardized layers 
in the Export Layers dialog box. Access this tool by clicking the Application menu and 
selecting Export > Options > Export Layers DWG/DXfF. Load industry-standard layer 
conventions using the Standard button. 


Use imported 3D model data. Model data generated outside of the Revit environment can be 
integrated into your projects as whole-building systems, massing studies, or unique components. 


Master It How cana building’s structural model created with the Bentley Structure be 
integrated into a Revit project? 


Solution Create a structural framing family into which the DGN model will be 
inserted. When the family is finished, the DGN geometry will be displayed as any other 
Revit structural-framing component. 


Export 3D model data. Your modeled elements don’t have to remain in the Revit 
environment forever. Data can be exported to 3ds Max, SketchUp, AutoCAD MEP, and more. 


Master It How can you coordinate your architectural Revit model with an engineer 
using AutoCAD MEP? 


Solution The engineer will likely require one DWG model per level for efficient 
coordination. Create duplicate floor plans for exporting and adjust the View Range 
settings for Top to Level Above, Offset: 0 and Bottom to Associated Level, Offset: 0. 
Create duplicate 3D views for each level, right-click the ViewCube® choose Orient To 
View > Floor Plans, and find the corresponding floor plans. These 3D views can be batch- 
exported to DWG format and referenced by the MEP engineer in their designs. 


Work with IFC imports and exports. Industry Foundation Classes (IFC) is a vendor- 
neutral model format designed to support interoperability in the AEC industry. It is widely 
used by some major BIM platforms available around the world. 


Master It How is an IFC model integrated into a Revit project for coordination? 


Solution You can open an IFC file by clicking the Application menu and selecting 
Open > IFC. Once the file is open, the data can be saved as an RVT Revit project file and 
linked into another Revit file for continued coordination. 


Chapter 8: Modeling and Massing for Design 


Create and schedule massing studies. Starting the design process with actual building 
elements can lead to a lot of unexpected frustration. Walls lead to rooms, which get room 
tags and eventually scheduled. But if you’ve failed to fulfill the client’s program, you'll 
wonder where to start over! 


Master It You're faced with creating some design studies of a large hospital complex. 
How would you go about creating a Revit project that would allow you to create a 
massing study and schedule it against the design client’s program? 
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Solution Massing studies allow you to create schedules of the surface, floor areas, and 
volumes of a mass. This is incredibly helpful for resolving the design intent and client’s 
program before committing to walls, floors, and other building geometry. 


Know when to use solid and surface masses. Solid masses and surface masses can both be 
used to maintain relationships to host geometry like walls and roofs, but surface masses can’t 
be volumetrically scheduled or contain floor area faces. 


Master It You've been asked to create a complex canopy system for the entry to a hotel 
project. The system will consist of a complex wave of triangular panels. What kind of 
mass would you create? 


Solution You're probably going to be better off not creating a solid mass because you 
don’t need a solid—you need only a surface. It’s best to use solids when you have to 
calculate the client’s overall design program: floor areas, surface, and volume. For limited, 
surface-based relationships, just use surface massing. Surface masses will help you 
resolve the overall design idea first. Then you can move on to patterns and eventually 
component-level geometry. 


Use mathematical formulas for massing. Not all massing is going to involve intuitive, 
in-the-moment decision making. By discovering the underlying rules that express a form, it is 
possible to create the formulas that can iterate and manipulate your massing study. So rather 
than manually manipulating the mass, you manipulate the formulas related to your mass. 


Master It What’s the best way to discover and create these formulas? 


Solution Never stop sketching! Staring at a blank spreadsheet is a one-way road to 
frustration. Sketch the idea and try to discern the rules that make the form change and 
morph into your design idea. Once you think you've discovered the rules that contain the 
idea, start testing the rules. Once you find that the idea or principle is valid, it’s simply a 
matter of scale. 


Chapter 9: Conceptual Design and Design Analysis 


Embrace energy analysis concepts. Understanding the concepts behind sustainable design 
is an important part of being able to perform analysis within the Revit model and a critical 
factor in today’s design environment. 


Master It What are four key methods for a holistic sustainable design? 


Solution Four key methods for a sustainable solution are (1) understanding a building’s 
climate, (2) reducing building loads, (3) using free energy when possible to power those 
loads, and (4) using efficient systems. 


Create a conceptual mass. Understand ways to generate building forms quickly and easily 
to explore a variety of shapes and orientations. 


Master It Describe how you can use families to quickly generate form. 


Solution By using adaptive components and masses, you can quickly create geometry 
that can be dynamically modified by pushing or pulling reference lines or by formulas. 


Analyze your model for energy performance. Being able to predict a building’s energy 
performance is a necessary part of designing sustainably. Although Revit doesn’t have 
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an energy-modeling application built into it, it does have interoperability with many 
applications that have that functionality. 


Master It Explain the steps you need to take to get a Revit model ready for energy 
analysis. 


Solution The steps are as follows: 


1. Make sure the building has walls, floors, and roofs. Those all need to meet and join so 
there are no unrealistic gaps in the model. 


2. Make sure each of the regions in the model has a room element inserted into it and that 
the room element’s height is set to the bottom of the floor above. 


Under Area And Volume Calculations, select Room Volumes. 


4. Export the model to gbXML and import that into an energy-analysis application. 


Chapter 10: Working with Phasing, Groups, and 
Design Options 


Use the Phasing tools to create, demolish, and propose a new design. ‘Time is such an 
important element to the design process and nearly impossible to capture with traditional 
CAD tools. Don’t use phasing for construction sequencing (there’s a better way). Embrace 
phasing for communication, not just illustration. 


Master It How can you use phasing to communicate your design across a series of key 
stages? What kind of project is best suited to phasing? 


Solution From the Manage tab, you can access the settings for phases. You can create 
phases for the major stages of work in your project as well as define filters and graphic 
overrides to illustrate the overall design approach. Use the Phase and Phase Filter view 
properties to customize project views, including schedules. Set the Phase Created and 
Phase Demolished properties of model elements to adapt to the project phases. Any kind 
of project can use phasing, but tenant improvement projects benefit the most from the 
ability to document existing conditions and demolition. 


Understand and utilize groups. Groups are great for creating collections of both host and 
family component geometry. Just remember to apply best practices, and you'll avoid a lot of 
common roadblocks. Individual model elements within groups will always appear properly 
in schedules, as you'd expect. And creating exceptions in groups allows you to make subtle 

changes without creating a new group. 


Master It Why shouldn't you mirror groups? 


Solution Although mirroring works conceptually, it breaks down in implementation. 
Just because you can mirror something in Revit Architecture doesn’t mean that it can 
actually be manufactured that way. And even more confusion can result if the mirrored 
object has to be powered, accessed, maintained, and so on in an impossible condition. 


Mirroring groups has been known to create so much hassle that you are better off 
avoiding it. And we’ll keep pushing Autodesk to restrict mirroring of family components 
(as well as groups) as a parameter. 
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Create and use design options. Like groups, design options work great when you follow 
the rules. Design options are intended for design iteration that is bounded and well- 
defined—not for putting multiple buildings in one project file. Remember that links, groups, 
and phasing can exist within design options. Always keep hosted elements with their host 
when using design options. 


Master It Suppose you have a multistory tower. How could you show multiple design 
options for the entire vertical exterior enclosure? 


Solution Put each enclosure option in a different project file. You can link these files 
into one master project file. Then associate each of the links with a different design 
option. Eventually you set and accept the primary option. Then bind the link, and the 
chosen enclosure model will become a group within your project. The group can be 
ungrouped to continue editing the final design. 


Chapter 11: Visualization 


Create real-time and rendered analytic visualizations. Analytic visualization is the 
concept of communicating information about your project in a nonliteral way, and it’s very 
important! It’s not about showing real materials in the project but about using filters to 
visualize important metadata. 


Master It During the renovation of a space, you want to reuse the doors rather than 
throw them away. How would you illustrate this? 


Solution Assign an instance parameter to the doors called Recycled. Then apply 
this value to all the doors fulfilling these criteria in your project. Now you can 
use this parameter to create a view filter to illustrate where these reused doors are 
being used. 


Render emotive photorealistic visualizations. Photorealistic visualization is about 
communicating design ideas but in emotive ways that are much closer to how the space 
will be experienced, including real lighting, materials, and entourage. Just remember that 
the time it takes to calculate and render your views will change dramatically based on the 
quality and resolution of your views. 


Master It Would the rendering for a PowerPoint presentation differ from a rendering 
being printed for a marketing brochure? 


Solution The rendering for the PowerPoint presentation needs to be only about 150 dpi, 
whereas the rendering for the printing needs to be 300 dpi. A 300 dpi image will take 
much longer to render than a 150 dpi image, even though they’l!l look the same on the 
screen. 


Understand the importance of sequencing your visualization workflow. The sequence 

of design—building, content, materials, and cameras—is not the same as the sequence for 
visualization (geometry/cameras, lighting, materials). Lighting is far more important than 
materials of actual objects. Get the lighting right and the materials will look great, but not the 
other way around. 
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Master It How do you create a rendering environment that replaces the actual materials 
with matte materials in order to study the effects of lighting on your design? 


Solution Until View Filters allows rendered materials to be overwritten in a view, use 
phasing. Create a filter that overrides the materials, and assign this analytic filter to the 
view that you're rendering with lights. After you achieve the desired lighting effects, start 
re-rendering the view showing the actual materials. 


Chapter 12: Creating Walls and Curtain Walls 


Use extended modeling techniques for basic walls. Walls in Revit are made from layers of 
materials that can represent generic placeholders for design layouts to complete assemblies 
representative of actual construction. 


Master It How can you customize the profile of a wall? 


Solution A wall can be attached to another object such as a roof, floor, or reference 
plane. Select a wall, activate the Attach Top/Base tool, and pick the object to which the 
wall should be attached. You can also edit the profile of a wall in elevation by selecting a 
wall, activating the Edit Profile tool, and modifying the sketch of the wall. 


Create stacked walls. Exterior walls are usually composed of several combinations of 
materials with varying thicknesses. These various wall types can be combined into a single 
entity called a stacked wall. 


Master It How do you create a stacked wall? 


Solution You must duplicate an existing stacked wall type within a project. In Type 
Properties, open the Edit Assembly dialog box and add any combination of basic walls 
into the stacked wall structure. 


Create simple curtain walls. A curtain wall is an assembly of parts including curtain 
erids, panels, and mullions. They can be created in predefined types with regular horizontal 
and vertical spacing along with specific panel and mullion types. 


Master It How do you add a door to a curtain wall? 


Solution Use the Tab key to select a single panel in a curtain wall segment. If the panel 
is part of a predefined system, you must unpin the panel first. From the Type Selector, 
choose a curtain panel door family. 


Create complex curtain walls. The Revit conceptual massing environment can be used to 
create complex curtain wall configurations. Pattern-based panel families can be loaded into 
the massing environment and populated on a divided surface. These populated surfaces can 
then be loaded and placed in a project model for documentation and scheduling. 


Master It How do you create a complex divided surface? 


Solution From the Recent Files window, select New Conceptual Mass. Add a second 
level to the family and draw a curved line on each level. Select the two lines and click 
Create Form; choose the Planar Surface option. Select the new form and click the Divide 
Surface button on the ribbon. 
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Chapter 13: Modeling Floors, Ceilings, and Roofs 


Understand floor modeling methods. Floors make up one of the most fundamental, 
sketch-based system families used in a Revit model. You can customize them to 
accommodate a variety of assumptions at various stages of design. 


Master It How can you create a structural floor with integrated metal decking? 


Solution You can create a structural floor by going to the Architecture tab of the ribbon 
and clicking Floor > Structural Floor. This tool activates the Structural parameter in a 
floor’s instance properties. Once this is activated, edit the floor’s type properties to add a 
Structural Deck layer and assign a deck profile. 


Model various floor finishes. Thick and thin floor finishes can be created to support 
tagging, scheduling, and quantity takeoffs. 


Master It How would you represent a thin finish material in your project such as 
carpet? 


Solution Activate the Split Face tool from the Modify tab of the ribbon, select a floor, 
and define the boundaries of the area to be assigned as the thin material. Activate the 
Paint tool, select the appropriate material, and click the split face you created within 
the floor. 


Create ceilings. Ceilings are sketch-based system families that can host objects such as 
light fixtures and HVAC diffusers. 


Master It What’s the best way to model a ceiling within a space? 


Solution Ceilings are best created in a ceiling plan. Activate the Ceiling tool from the 
Build panel in the Architecture tab of the ribbon. Specify a value for the Height Offset 
From Level setting of the ceiling in the Properties palette, and use Automatic Ceiling to 
fill a bounded space with a ceiling object. 


Understand roof modeling methods. Roofs can be modeled as simple single-pitch shed 
roofs or complex extrusions of sinuous curves. 


Master It What is the best way to create a single vault roof? 


Solution That roof is best created with the Roof By Extrusion method. Go to the 
Architecture tab of the ribbon and click Roof > Roof By Extrusion. Specify a wall or 
reference plane as the work plane and switch to an elevation, section, or 3D view. 
Draw the profile of a vaulted roof and click Finish Edit Mode. Adjust the extents of the 
extrusion as desired. 


Work with advanced shape editing for floors and roofs. A small but powerful toolset 
is available for extended editing of floor and roof objects. These tools allow you to create 
warped floor slabs and tapered layers of roof assemblies. 


Master It How do you create a drainage point in a flat roof slab? 


Solution Select a roof object and activate the Add Split Line tool from the Shape Editing 
panel in the ribbon. Draw two crossing lines from the four corners of the roof boundaries. 
Activate the Modify Sub Elements tool and select the point where the split lines cross. 
Change the value that appears to create a low drainage depression in the slab. 
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Chapter 14: Designing with the Family Editor 


Get started with a family. Before you start to create your own family components, take a 
moment to think about how you expect that component to “behave” in your project. The role 
of the Family Editor isn’t just an environment to model geometry; it also determines how the 
content that you create will behave in the project environment. 


Master It Choosing the right template is critical. You can convert from one family 
template to another, but this is not always the case. Why would you want to choose a 
door template rather than a Generic Model template? 


Solution Balusters, curtain panels, detail components, and hosted elements all have 
specific, predefined behavior. Plan ahead when your'e creating these categories. Objects 
that need to “cut” their host, like doors and windows, must be created in templates that 
are hardwired to contain a portion of the host that will be cut. This allows you to create 
the door or window and also cut the host in the way that it needs to cut in the project. 


Create the framework for a family component. Reference planes, points, and lines are the 

“bones” of your component. Assign parameters to the skeleton, and the geometry will follow 
along. Be sure to test the parameter and reference relationships before you start to create any 
solid model geometry. 


Master It Why should you build, assign parameters to, and test the references first? 
Why not just model the geometry? 


Solution Testing the references and parameters before you add geometry keeps things 
simple and helps you troubleshoot parametric behavior before building the geometry. 
Remember to keep parametric dimensions outside of Sketch mode so you and others can 
easily find them later. After you've tested the parameters and references successfully, you 
can be confident that your geometry will behave predictably. 


Understand family modeling techniques. Although the Family Editor contains a wide 
assortment of modeling and editing tools, you don’t always need to build everything in 
one file. You can use a number of techniques to reduce redundancy and manage complex 
geometry for a component family. 


Master It When would you consider using the technique of nesting families? How 
could this method improve the efficiency of a component family? 


Solution Anytime you need to create a repetitive element within a family, you should 
consider using a nested family. This method allows you to build the repetitive element 
only once, and you will maintain better control of the placement of the nested component 
within its host. You can also use multiple nested families as a way to explore various 
design solutions for a component or to efficiently manage subcomponents, such as 
different hardware types for a door. 


Apply extended family management techniques. Sometimes parametric behavior 
will depend on the parameters that directly control it, but often these parameters will be 
expressed as a relationship to something else. 


Master It Why are formulas so important? Why not just create the parameters you need 
and then modify them as needed in the project environment? 
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Solution Formulaic relationships help maintain rules within a family so that changing 
one rule can have an effect on many others. Using formulas, therefore, allows you to drive 
one parameter based on the value of another, and the result can drive a length, material, 

or other rules-based value. When you have many, many parametric-type permutations, it’s 
better not to weigh your project down with a lot of options that you'll probably never use. 
Whenever this happens, don’t load all the possible types in your project—just turn to a type 
catalog in order to select only the family types that you need. Since you don’t want to have 
to remember all of these relationships manually, allow Revit to maintain them for you. 


Chapter 15: Creating Stairs and Railings 


Understand the key components of stairs and railings. Having a complete understanding 
of the components of stairs is important. You don’t want to set about breaking the rules until 
you understand how best (and when) those rules can be broken. 


Master It What are the essential parts of stairs? 


Solution Baluster posts, balusters, and baluster panels along with handrail profiles are 
the essential parts of any railing. Nosings, stringers, and treads are the essential parts of 
stairs. Having a firm understanding of how these components react to changes in their 
respective dialog boxes is critical. 


Understand the different stair tools and apply them to custom designs. Designing ina 
spreadsheet is hard. Step back and consider what you're trying to accomplish. If you'll look at 
the components that make up stairs, you'll see some interesting opportunities. 


Master It How would you create a continuous tread that wasn’t monolithic? What 
would you do if you wanted to create a custom stringer? Are balusters always vertical 
and used to support handrails? What if your particular stair just can’t be modeled in the 
Stairs tool? 


Solution ‘Try using the nosing profile to complement the shape of your tread. And don’t 
forget that a handrail profile can be used to create a custom stringer profile with little 
trouble. Although balusters often support handrails, this is not always the case. Balusters 
may also consist of the support element that will support the tread. A complex baluster 
family associated with the railing as the start post can create the most complex railing 
conditions quickly and easily. But if all else fails, remember that there’s still the Family 
Editor. Just model it the way you want it, and then put it in the project. It’s probably more 
sculpture than stair at this point. Modeling it in the Family Editor means that you'll be 
able to move, elevate, rotate, and copy the results throughout the project. If you have to 
make changes (and you will), you'll simply open the component in the Family Editor. 


Design railings and use the Railing tool for other model elements. From model patterns 
to geometric intricacy, there’s a lot that can be created with the Railing tool. When this 
doesn’t work, look to the Curtain Wall tool for “railings” that can contain space and allow 
“balusters” to be conveniently unlocked. 


Master It Why would you not use a railing to manage repetitive relationships? What if 
you need to accurately distribute geometry along a path? 


Solution Modeling these railings as components in the Family Editor is often faster 
than creating groups and then copying them throughout the project. Railings are also 
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helpful for creating geometry that needs to be distributed along paths, even if the results 
aren’t actually railings. Finally, don’t use geometry when a model pattern will do. This 
will keep your project light. 


Implement best practices. There are specific best practices when creating custom stairs and 
railings. Pay attention to nesting geometry, maintaining the right level of detail, and filtering 
schedules so the metadata ends up in the right place. 


Master It Is it possible to create solutions that are too efficient? What’s the big deal with 
detail levels? And finally, what’s the most important thing to remember before creating 
an elegant workaround? 


Solution You're not the only person working on the project! Design is a team sport, 

and any out-of-the-box exceptions to the rules need to be understood by the entire team. 
“Over modeling” is often misunderstood to mean “too much geometry,” but geometry 

is critically important to understanding how your design is going to be assembled. So if 
you'll take the time to assign levels of detail to components, it'll help refresh views and 
printing. Finally, remember that the best solution is the one that is implementable. If your 
team doesn’t understand your “custom hack,” you're not playing a team sport and the 
project will ultimately suffer. 


Chapter 16: Detailing Your Design 


Create details. Details in Revit are a combination of 2D elements layered on top of 3D 
model elements or sometimes just stacked on top of each other. Creating good, easy-to-read 
details typically requires some embellishment of the 3D model. 


Master It What are the three primary categories of detail elements and how are they used? 


Solution Detail lines are used to create two-dimensional linework of various weights 
and styles. They are used for drafting, much as you would draft in a CAD application. 
Filled regions and masking regions are the two region types that are used to apply 
patterns (even if that pattern is a solid-white field) against your details. These can help to 
show context such as materiality. Components like detail components and detail groups 
are used to create 2D families that can be used and reused in a variety of details within 
the model. They are historically used to create elements like blocking, metal studs, metal 
deck, and so on. 


Add detail components to families. You can make creating details in Revit easier by adding 
some of the detail elements directly to the family. In this way, when you cut sections, make 
callouts, or enlarge plan conditions, your “smart” details can begin to construct themselves. 


Master It Because you don't always want elements to appear in every scale of a view, 
how can you both add detail elements to your families and still limit the amount of 
information that is shown in any given view? 


Solution Using the detail levels (Coarse, Medium, and Fine), you can control the 
visibility of any element within a family to show, or not show, at those settings. By 
controlling the detail level, you can keep the family simple in a Coarse view and add 
more detail as the drawing gets increasingly complex. 


Learn efficient detailing. As you master detailing in Revit, you'll begin to learn tips and 
tricks to make your process of creating details more efficient. 
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Master It To help you assess how much effort you should be putting into your 
details, what are three questions you should be asking yourself before starting any 
detail? 


Solution Before starting any detail, ask yourself: 
@ Will I see or use this in other views in the project? 
@ Will it affect other aspects of the project (like material takeoffs)? 


@ How large is it? 


Reuse details from other files. In many project workflows, you will need to incorporate 
details from other projects. Reusing these details can aid in the speed and efficiency of 
project documentation. 


Master It There are several ways to reuse details from other projects. Name one and 
list the steps to perform the tasks necessary to quickly move a detail from one project to 
another. 


Solution Here are the steps to save views from one project for use in another project: 


1. Start by opening the file with the views you want to save. Click the Application menu 
and select Save As > Library > Views. 


2. TheSave Views dialog box shows a list of view names on the left and a preview 
window on the right. Click the check box for each of the views you want to save into a 
separate file; click OK. 


3. Toimport the views, open the project you'd like to import the views into, and choose 
Insert From File from the Insert tab. Choose Insert Views From File. 


4. Inthe resulting dialog box, you will have a list of the views you can import from the 
column on the left and a preview of those views on the right. Check the box for the 
views you want to import and click OK. 


Chapter 17: Documenting Your Design 


Document plans. With floor plans you can create visual graphics that help define how a space 
is laid out. However, Revit provides other tools such as area plans to help you describe space. 


Master It List the four types of area plans that you can create and note the two that 
Revit creates automatically. 


Solution The four types of area plans are rentable area, gross area, usable area, and 
BOMA area. The software provides automatic calculations to show rentable and gross areas. 


Create schedules and legends. Schedules are another view type; they allow you to 
show information about the model in a nongraphic format. Schedules can also be used to 
dynamically report quantities of elements inside the model. 


Master It Understand how to create schedules and report additional information about 
the elements in the model. How would you create a simple casework schedule showing 
quantities of types? 
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Solution Here are the steps to create a schedule within Revit: 

1. On the View tab, choose Schedule/Quantities from the Schedule button. 
2. Choose Casework as a schedule category. 

3. Onthe Fields tab, choose Family And Type followed by Quantity. 

4. 


On the Sorting tab, choose to sort by Family And Type; make sure Itemize Every 
Instance is checked. When that’s done, click OK. 


Lay out sheets. Eventually in a project it will become necessary to create sheets that will 
become the documentation set. Knowing how to create a good sheet set provides you with 
another venue to communicate with contractors, clients, and other team members. 


Master It To properly create a sheet set, you need to understand the dynamics of adding 
views to a sheet. In the Revit environment, there is only one way to add views to a sheet. 
What is it? 

Solution Views can be added to a sheet by dragging them from the Project Browser 

and dropping them onto the sheet. From that point, they can be edited or manipulated to 
properly place them relative to other views that appear on that sheet. 


Chapter 18: Annotating Your Design 


Annotate with text and keynotes. Although a picture is worth a thousand words, you will 
still need notes to make drawings understandable and be able to call out key elements in each 
view. Know how to create and modify text and keynotes for a complete set of documents. 


Master It To properly use the keynoting feature, you'll need to understand what each of 
the three keynote types do and how they’re used. List each and explain how they can be 
used in a project. 


Solution Element keynotes annotate assemblies such as walls, floors, and roofs. 
Material keynotes designate materials within Revit, such as concrete, gypsum board, or 
rigid insulation. User keynotes are not tied to an element or a material and can be used to 
note other aspects of the view or detail. 


Use tags. Tags are text labels for elements such as doors, walls, windows, rooms, and 
several other objects that architects typically need to reference in a set of drawings. These 
tags typically refer back to other schedules or information in other portions of the drawing 
set and are unique to the view in which they are inserted. 


Master It Inserting tags quickly can be a good way to make documentation time more 
efficient. How can you quickly tag a number of elements in the model at the same time? 


Solution Use the Tag All tool. This tool allows you to load several tags for different 
elements at the same time and populate a view with all those tag types at once. You will 
probably need to manipulate the location of some of the tags, but most should be placed 
cleanly and accurately, saving you time for other portions of the project. 


Add dimensions. Dimensioning is a critical part of the project documentation, allowing 
you to communicate the distance elements are from one another. 
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Master It Adding dimensions is a necessary part in any project. However, in a project 
workflow you will typically want to change the location of a dimension’s witness 

line without having to re-create the entire dimension. How do you move a witness line 
without remaking the entire dimension? 


Solution Highlight the dimension string and grab the blue grip that is below the 
text string. By clicking and holding this element, you can now select a new host for the 
witness line. 


Set project and shared parameters. Revit Architecture lets users add as many custom 
parameters to an element as are needed to document the project. These parameters can be 
both tagged and scheduled, depending on how they are made. 


Master It You need to add a custom parameter for your project to track the percentage 
of recycled content in materials. What’s the best way to go about doing this? 


Solution Since the items you want to track need to be scheduled but not tagged, it’s 
easiest do to this with a project parameter. Add one to the project for a percentage of 
recycled content, and then track that in a Multi-Category schedule showing all the 
material types you want to track. 


Chapter 19: Working in the Construction Phase 


Add revisions to your project. You need the ability to track changes in your design 
after sheets have been issued. Adding revisions to a drawing is an inevitable part of your 
workflow. 


Master It How do you indicate revisions on a drawing sheet? 


Solution First, a revision must be created in the Sheet Issues/Revisions dialog box. 
Then, a revision cloud is drafted in either an active view or a sheet. The revision cloud 
is assigned to one of the project revisions in the Properties palette. Finally, the revision 
cloud is tagged. The revisions are automatically tracked in revision schedules that are 
part of the title block. 


Use digital markups. DWFs provide a lightweight means to digitally transfer and mark up 
multiple sheets in a document set. 


Master It Explain the workflow using DWF markups. 


Solution Once your views are drawn and placed on sheets, export the sheets to a DWFx 
format. They can be shared with other members of your team for markup. Others will 
open the DWFx in Design Review and create the comments, and then send the marked- 
up set back to the design team. This set is then linked back into the drawing set, and the 
markups will be visible on the drawing sheets. 


Model for construction. Parts and assemblies allow a model element to be broken down 
into smaller parts. These subelements can be used in more detailed ways for the construction 
process while still maintaining their association with the original element. 


Master It Describe the method for breaking down a design-based model assembly into 
its individual components. 


CHAPTER 20: PRESENTING YOURDESIGN | 915 


Solution Select a wall, floor, roof, or ceiling and use the Create Parts tool. The view may 
need to be set to Show Parts. Once parts are created, they can be divided, merged, or excluded. 


Chapter 20: Presenting Your Design 


Understand color fill legends. Color fills are a great way to illustrate data that otherwise might 
appear only in a schedule, such as department assignment, designed areas, and room finishes. 


Master It There are a variety of ways to graphically display information using color 
fills. It can initially take a bit of time to get things organized, but once you create them, 
the legends can easily be transferred between views and projects. Describe how to add a 
color fill legend, once created, to your project template. 


Solution To adda color fill legend from a project to your project template, add it to a 
view and add the view to a sheet. Legends can be transferred like schedules: once they 
are added to a sheet, they can be copied to the Clipboard and then pasted to the sheet in 
the project template. This will transfer all the colors, fonts, and other settings from the 
project to the template. 


Use 3D model views in your presentation. Revit provides a variety of ways to help you 
visualize your designs—both while designing and during presentation. Understanding 
where these features are located and how and when to use them can help expedite the 
presentation process, depending on the look and feel you want to create with your images. 


Master It Describe the process for creating an exploded 3D view of each level within 
your project. 


Solution After adjusting the view range of your plan views to accommodate the actual 
bottom of the level up to the top, open a 3D view and right-click the ViewCube. Select 
Orient To View and choose the floor plan for each level. 


Work with viewport types. Viewport types are simple to manage, but they are powerful 
when applied to the views you place on sheets. You can customize the view titles for any use 
case, from design presentations to construction documents. 


Master It Describe the process for adding a new viewport type to your project. 


Solution After placing a view on a sheet, select the view and click Edit Type in the 
Properties palette. Click Duplicate and create a uniquely named type. Once you have 
modified the settings, apply the new type to other views by selecting a viewport and 
picking the new type from the Type Selector. 


Create “exploded” axonometric views. The Displace Elements command is used to create 
exploded axonometric views that used to be drafted by hand or created manually in a separate 
model. Understand the best ways to use this tool to help visualize and communicate design ideas. 


Master It Describe the process for creating a displaced view. 


Solution Starting in a 3D view, select elements to visually displace. The selections will 
be based on how you would like to see the elements grouped as you move them around 
within the view. By selecting elements and then selecting the Displace Elements tool, you 
can begin staging your axonometric view. 
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Chapter 21: Working with Point Clouds 


Understand how to create a point cloud. Point clouds are created with laser-scanning 
equipment typically by a surveyor or other LiDAR provider. Understanding the processes 
behind creating point clouds is critical to being able to plan a scan for your project. 


Master It What are the two types of LiDAR scanners and how do they differ? 


Solution Time-of-flight scanners and phase-shift scanners are the two types. The 
time-of-flight scanner has a slower collection rate for its points but a longer range. Based 
on this, it is typically used in exterior conditions. The phase-shift scanner is faster at 
point collection but has a shorter range (65 ©/20 m versus the time-of-flight scanner at 
1,000 ©/300 m). Based on that, it’s typically used for building interiors. 


Plan for a scan. Planning a point cloud scan is an important part of the process. This will 
help ensure that you collect all the information that you need inside the building and don’t 
have to repeat the scan because something was overlooked. 


Master It What are the key elements to planning a LIDAR scan? 


Solution There are four major elements in planning a scan: 


+ 


+ 


+ 


Is the scan interior, exterior, or both? 


What is the level of detail you'll need to collect in the scan? Understand that this can 
vary by room or other condition. 


What kind of imagery do you need? Are photos from the scanner sufficient to collect 
the data, or do you need the LiDAR scan processed in color as well? 


What is the schedule the scan needs to be completed within? How does that affect 
building operations? 


Work with the point cloud in Revit. Once you import the point cloud into Revit, you can 
begin modeling. Understanding how to use that data in the model will keep your project 
moving efficiently and your frustration at a minimum. 


Master It List some of the ways you can optimize point cloud performance in Revit. 


Solution There are several ways to optimize your Revit performance with point clouds: 


+ 


+ 


Isolate the point clouds by workset so you can turn them on or off as needed. 


Create scope boxes around the areas you're working within to help keep the amount 
of information on the screen at one time to a minimum. 


Use View Depth to minimize how far back into an elevation or section you see. This 
will help you isolate various elements so you can model one component at a time. 


Use scope boxes in 3D. While much of your architectural design might happen in 


plan and section, sometimes it’s easier to model against a point cloud when you can 
see the condition in axonometric. 





Appendix B 


Tips, Tricks, and Troubleshooting 


This appendix provides some tips, tricks, and troubleshooting to help keep your project files 
running smoothly. Listed here are some pointers to keep you from getting into trouble as well 
as a peppering of time-savers and other great ideas. 

In this appendix, you'll learn to: 


Optimize performance 


+ 


Use best practices 
@ Maintain quality control 


@ Apply tips and shortcuts 


Optimizing Performance 


It should make sense that a smaller file on a fast computer with a good network will run the 
quickest. There is no real “typical” project file size for Autodesk® Revit® Architecture projects, 
and a file can range anywhere from 10 MB to well over 800 MB. We've found that a small, dense 
project with a lot of geometry and detail (like a medical office building) can be larger in file size 
than a warehouse project—which has a lot of empty square footage. Because documentation 

is often an indication of project complexity, we’ve found as a good rule of thumb that for each 
documented sheet, your file should be about 1 MB. So a completed project of 100 full-size sheets 
should be about 100 MB. 

Much of the variation depends on the level of detail in the model itself, the presence of 
imported geometry (2D CAD files, SketchUp, and so on), the number of views you have, and the 
overall complexity. Obviously, your hardware configuration will also be a factor in determining 
the speed and operation of your models. 

You can optimize your hardware in a number of ways to get the most out of the configuration 
you have. You should first look at the install specifications and recommended hardware specs for 
a computer running Revit software. Autodesk has published those requirements on its website, 
and they are updated with each new version of the software. You can find the current specs at 
www. autodesk. com/Revit; then choose System Requirements under the list of options on the left. 

Beyond the default specifications, you can do things to help keep your files nimble. Here are 
some other recommendations: 


Use a 64-bit OS. Revit Architecture likes RAM, and the more physical RAM it can use, the 
more model you can cache into active memory. Windows offers several versions of a 64-bit 
OS, but since Revit 2014, Windows 7 has been a minimum requirement. You can use this in a 
32-bit or 64-bit version, but a 64-bit OS allows you to use as much RAM as you can pack into 
your machine. Note that Windows 8 and 8.1 are also supported. 
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Get a faster hard drive. Chances are you're working on Revit on a local hard drive. If 
you're working on a large project with a central file, your local file will be on your hard 
drive. If you're working on a small project without worksharing enabled, there’s a chance 
you might be working on your local drive if you're taking the file home or if you don’t have a 
network. Regardless, one of the things that will affect performance is your drive speed. This 
is how fast your computer can read/write to the local drive. With the large files Revit can 
create, a faster drive will equal less read/write time; so if it’s within your budget, try to get 
the 7,200 rpm drive as a minimum or even an SSD (solid state drive). We’ve found the SSD, 
especially in a laptop, is a huge performance boost. You'll appreciate the difference. 


Get a good graphics card. Revit is also very graphics-intensive and will push the 

limits of any video card you have in your computer. Although many graphics cards are 
available at a variety of performance and price levels, a good starting point is looking for 
ones that have been tested and approved by Autodesk for use with Revit. You can find 
recommended system hardware as well as graphics hardware and driver specifications at 
www. autodesk.com/graphics-hardware-detai L. 


Figure out how much RAM your project will need. Before you email your IT department 
requesting 64 GB of RAM, figure out how much your'e actually going to use on your project. 
Your OS and other applications like Outlook will use some of your RAM, but you can 
calculate how much RAM Revit will need to work effectively. The formula is as follows: 


Model size in Explorer x 20 + Linked file size(s) x 20 = Active RAM needed (in megabytes) 


Let’s look at a couple of examples to demonstrate how it works. You have a Revit file with no 
linked files, and your file size on your server is 150 MB. So you'll need 150 MB x 20 = 3,000 MB, 
or 3 GB of RAM just for Revit to operate effectively. In another example, you have a 120 MB file, a 
50 MB structural model linked in, and four CAD files at 1 MB each. The calculation is as follows: 


(120 MB x 20) + (50 MB x 20) + (4 MB x 20) = 3,480 MB or 3.5 GB of RAM 


Once you've put as much RAM into your workstation as is practical, your next recourse for 
improving model performance is to reduce your file size so you're not using as much RAM. 
Here are some tips to do that and thereby improve your file speed: 


Manage your views. There are two things you can do using views to help improve 
performance. First, the more views you have open at once, the more information you will 

load into active RAM. It’s easy to have many views open at once, even if you're concentrating 
on only a few views. Close windows you're not using to help minimize the drain on your 
resources. You can always close all the windows except your active one using the Close Hidden 
Windows tool. Choose the View tab and click the Close Hidden button (Figure B.1). You can 
map a keyboard shortcut to this command such as “XX,” or you can find it in the Quick Access 
toolbar. The Close Hidden Windows command will close the hidden windows in your active 
project as well as all other open projects and families in your current session of Revit. 


" a 
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The other way to manage your views is to get rid of the ones you don’t need. Revit allows you 
to make different views within your model quickly and easily. This can sometimes lead to 
having a lot of views (sometimes hundreds) that you aren't using in your document set and 
don’t plan to use. Adding too many views can raise your overall file size even if you haven't 
added any geometry or annotations within those views. Get rid of those unused views— 
typically views that are not on sheets—to help keep your file running smoothly. We discuss 
how to create a schedule to help identify the unused views later in this chapter. 


Delete or unload unused CAD files. There are many times in a project process when 
you'll want to load content from another source as a background. This could be a client’s 
CAD as-built drawings or a consultant’s MEP design. You might link or import these files 
into your drawing and, during the busy course of the project, forget about them. As you've 
seen from the earlier tips on RAM use, all these small files add up. Getting rid of them can 
speed up your Revit project file and is just good housekeeping. If the CAD file is linked, you 
can remove it using the Manage Links button on the Insert tab. If the CAD files have been 
inserted instead of linked, right-click an instance of the CAD file in a view and choose Select 
All Instances from the context menu. Then click Delete to remove all the instances in the 
entire model as opposed to only the CAD file in the active view. 


LINK, DON’T IMPORT 


As a general rule of thumb, we highly recommend linking CAD files instead of inserting them. 
You will notice a significant difference in model performance as you get more and more CAD files 
into your model. 


Don’t explode imported CAD files. A CAD file, when imported into Revit Architecture, is 
a collection of objects that is managed as a single entity. If you explode a CAD file, the single 
object immediately becomes many objects—and these all take up space in the file, requiring 
more resources to track and coordinate. 


If you're importing DWG files, leave them unexploded as much as possible. If you need to 
hide lines, use the Visibility/Graphic Overrides dialog box to turn layers on and off. Explode 
only when you need to change the imported geometry, and start with a partial explode to 
minimize the number of new entities. Figure B.2 shows the tools available on the ribbon 
when you select an imported or linked DWG file. Also note that lines smaller than 1/32" 

(~1 mm) are not retained when CAD files are exploded. This can result in unusable imports. 


FIGURE B.2: 
Explode options 
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A better workflow than importing your CAD files directly into the project is to import them 
into a Detail Component family and then load that family into the project. This approach 
will also aid in keeping accidents from happening, like a novice user exploding the imported 
CAD. An example of this workflow is to import a SketchUp model into a mass family and 
then load the mass family into a project file. This workflow is covered in more detail in 
Chapter 7, “Interoperability: Working Multiplatform.” 


Turn on volume computation only as needed. Calculating the volumes on a large file can 
slow down your model speed immensely. This setting is typically turned on when exporting 
to gbXML, but sometimes teams forget to turn it back off again. Volumes will recalculate 
each time you edit a room, move a wall, or change any of the building geometry. Turn these 
off using the Area And Volume Computations dialog box found at the bottom of the Room & 
Area panel on the Home tab (Figure B.3). 
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Use Best Practices 


Good file maintenance is critical to keeping your files running smoothly and your file sizes low. 
The following are some best practices and workflows that were identified in other areas of the 
book but are consolidated here as a quick reference: 


Manage the amount of information shown in views. Learn to manage the amount of 
information needed in a given view. Minimize the view depth and the level of detail so you 


FIGURE B.4: 
Minimizing the view 


depth 
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don’t show more than you need to show in a view. Here are some simple tips to keep your 
individual views working smoothly: 


Minimize the level of detail. Set your detail level, found in the view control bar, 
relative to your drawing scale. For example, if you're working on a 1/32" = 1'-0" (1:500) 
plan, you probably don’t need Detail Level set to Fine. This will cause the view to have 
a higher level of detail than the printed sheet can show, and you'll end up with not only 
black blobs on your sheets, but views that are slow to open and print. 


Minimize view detail. Along with the amount of detail you turn on in the view 

using the Detail Level tool, make sure you're not showing more than you need to. For 
instance, if you have wall studs shown in a 1/16" = 1-0" (1:200) scale plan or the extruded 
aluminum window section shown in a building section, chances are it will not represent 
properly when printed. Turning off those elements in your view will keep things moving 
smoother as well as printing cleaner. 


Minimize view depth. View depth and crop regions are great tools to enhance 
performance. As an example, a typical building section is shown in Figure B.4. The 
default behavior causes Revit to regenerate all of the model geometry to the full depth of 
that view every time you open the view. To reduce the amount of geometry that needs to 
be redrawn, drag the section’s far clip plane (the blue dashed line when you highlight the 
section) in close to the cutting plane. 


<a> <> 
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Model only what you need. Although it is possible to model to a very small level of detail, 
don’t fall into the trap of over-modeling. Be smart about what you choose to model and how 
much detail you plan to show. If it’s not conveying information about the project, maybe it’s 
not really needed. The amount of information you do or do not model should be based on 
your project size and complexity, your timeframe, what you need to document, and your 
comfort level with the software. 


How much to model: Use these three rules of thumb. When trying to decide how much 
detail to put into a model or even a family, there are three good rules of thumb to help you 
make the right decision for the particular element you're looking to create: 


" 


Scale What scale will this detail be seen in? If it’s a very small-scale (such as 3" = 1-0"), 
it might be simpler to just draw it in 2D in a drafting view. 


Repetition How many times will this detail appear in the drawing set? If it will appear 
in only one location or only one time, it might be easier to just draft it in 2D rather than 
try to model the element. If it will appear in several locations, modeling is the better 
solution. The more exposure an element has in the model (the more views it shows in), 
the more reasons you have to model it. For example, doors are good to model. They show 
in elevations and plans all over the sheet set. 


Quality Be honest—how good at modeling families are you? Don’t bite off more than 
you can chew. If you're new to the software, keep it simple and use 2D components. 
The more projects you complete, the better you'll understand the transition to a BIM 
workflow. 


Don’t over-constrain. Embedding user-defined constraints into families and the model 
helps keep important information constant. However, if you don’t need to lock a relationship, 
don’t do it. Over-constraining the model can cause problems later in the project process when 
you want to move or modify locked elements. Constrain only when necessary. Otherwise, let 
the model be free. 


Watch out for imported geometry. Although you have the ability to use geometry from 
several other file sources, use caution when doing so. Remember that everything you link 
into a project or a family takes up around 20 times the file size in your system’s RAM. So 
linking a 60 MB NURBS-based ceiling design will equal 2 GB of RAM and more than likely 
slow down your model. Deleting unused CAD files, using linking rather than importing, and 
cleaning up the CAD geometry before insertion will help keep problems to a minimum. 


Purge unused files and family types. You will find that you won't use every family, group, 
or material you create in your model. Revit Architecture has a tool that will allow you to get 
rid of those unused elements to help keep your file sizes down to a reasonable level. This 
tool, Purge Unused, can be found on the Manage tab in the Settings panel. If your file is 

very large, it can take several minutes to run, but eventually you'll be presented with a list 
(Figure B.5) of all the unused elements within your file. 


We'll discuss the Purge Unused command in greater detail later in this appendix. 


Model correctly from the beginning. As you refine your design, it’s critical to model 
correctly right from the beginning, not taking shortcuts, so you don’t have to fix things 
later. If you can begin by thinking about how your project will be assembled, it will save 
you a lot of time later in the process. It’s good practice to plan ahead, but remember that the 
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software will allow you to make major changes at any stage in the process and still maintain 
coordination. If you are still in an early phase of design and do not know the exact wall type, 
use generic walls to capture your design intent; changing them later will be simple. 


Manage workshared files. When employing worksharing on a project, there are additional 
tools and tips you'll want to follow. Check out Chapter 5, “Working in a Team,” for more 
details. 


Make a new local copy at least once a week. Ina workshared environment, your local 
copy can begin to perform poorly or grow in file size while the central file remains small and 
nimble. If this is the case, it might be time to throw out the old local copy for a new one. Keep 
in mind that Revit allows you to make a new local copy upon opening the central file. When 
you choose a central model from a network location, Revit will automatically make a new 
local copy and place it in your Documents folder. If you choose not to follow that workflow, 
keep in mind that if you're accessing a project on a daily basis, it’s a good idea to make a new 
local copy at least once a week. 
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Divide your model. For larger projects or campus-style projects, you can break up your 
model into smaller submodels that are linked together. You can also do this on a single, 
large building, although it is a bit more complex. Dividing a model helps limit the amount of 
information you are loading into a project at one time. 


This is a particularly good idea if your project is going to be delivered in separate phases or 
bid packages. As the project progresses and you complete each delivery, you'll start the next 
phase by creating a new project file and then linking in the previous project file as context. 
Doing so will greatly simplify your document set (because you'll be able to start over after 
each phase) and avoid inadvertently modifying the previous phase (since the geometry and 
documentation are in a linked file). 


If you decide to divide your project, make your cuts along lines that make sense from a 
holistic-building standpoint. Don’t think of the cuts as you would in CAD, but think about 
how the actual assemblies will interact in the building. For example, don’t cut between 
floors 2 and 3 on a multistory building unless you have a significant change in the building 
form or program. A good place to cut might be between the building and the adjacent 
parking garage. Here’s a list of some good places to split a model: 


@ Ata significant change in building form or massing 
@ Ata significant change in building program 
@ Between separate buildings on the site 


@ At the building site 


Don’t want to divide your model? Use Revit Server. Revit Server is an add-on you can 
install that allows you to layer your central file over multiple locations. Effectively it allows 

a file server to synchronize a central file in the same way workstations sync a central file. 
Figure B.6 diagrams a Revit Server installation. Each installation has a host server. That host 
server synchronizes the central file between one or more accelerators, and those accelerators 
handle the traffic to the workstations. Depending on your installation, the host server might 
also be the accelerator for that particular office. Think of the host and the accelerator as tasks, 
not necessarily as separate servers. 


There are a few situations where Revit Server is a great solution. Imagine you are working in a 
larger office and you have teams in multiple locations. Say you have an office in New York and 
one in Los Angeles. Both teams want to work on the same project within the same Revit file, 

but there is too much latency across the network at that distance to make using Revit between 

the offices practical. You would use Revit Server. You'd install a host in one location and an 
accelerator in the other. Or imagine that you have partnered with another architecture firm to do 
the design of a project. Both of you need to be involved in the project and want to work within the 
same model. You'd use Revit Server again—with the host in one office and the accelerator in the 
other office. Where Revit Server won't be effective is if your project file is simply large. 


Installation of Revit Server is quite easy, but it does require the help of your IT department. 

To begin, you'll need to download the Revit Server installer from your subscription site, and 

the installation needs to be done on a computer running Windows Server 2008 R2 or newer. To 
install the host, run the install package and on the Configure Installation screen under Enabled 
Roles, choose Host and Accelerator (Figure B.7). This will cover your primary location. For your 
secondary location, you'll need a Windows Server 2008 R2 or newer running just the accelerator. 
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The installation package is pretty quick, so don’t be thrown off when it’s completed. To point 
the computers at each other and make the connection, you'll need to add a simple INI file. 

On each computer (host, accelerator, and all the workstations) navigate to C: \ProgramData\ 
Autodesk\Revit Server 2016\Config. That folder will initially be blank. Create a TXT file 
by right-clicking within the folder and choosing New Text Document from the context menu. 
In the document, type the IP address of the host server (for example, 10.0.0.110). Close the 
document and save the file as RSN. txt. As a final step, change the extension from .txt to ini. 


With that complete, you're done with the server configurations. As a final step, you need to 
point your workstations to the accelerator. Open Revit and on the Collaborate tab, choose the 
drop-down menu and select Manage Connection To A Revit Server Accelerator (Figure B.8). 
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In the Manage Connection To A Revit Server Accelerator dialog box (Figure B.9), enter the IP 
address of your local accelerator. Depending on your environment, the accelerator and the 
host can be the same server. Choose Connect and the link will be established. 
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Now you're all set! To use the Revit Server, you'll just need the final step of saving your 
central file to the Revit Server location. Open your central server and choose File > Save As. 
In the Save As dialog box, you'll notice a new location on the left: Revit Server. Save your 
central file to that location and it will be accessible by all your team members. 


Don’t want to Use Revit Server? Use Autodesk® A360 Collaboration for Revit®. If you're 
in a smaller office, you might not have access to Windows Server 2008, but you still need a 
way to collaborate with your partner firm or other project team members. Autodesk has a 
tool in Revit 2016 called A360 Collaboration for Revit. It is a paid service that allows you the 
same functionality as Revit Server, but without the need to manage the installation process 
across your network. In leu of your files being saved on your Revit Server installation, the 
central file resides on the Autodesk® A360 website. For more information about the service, 
visit www. autodesk. com/products/collaboration-for-revit/overview. 


Quality Control 


In any project process, you should always maintain a level of quality control to ensure a solid 
workflow. When working in a BIM environment, good model maintenance is an imperative 
part of the process. A well-maintained model will open quickly and be responsive when you're 
changing views or manipulating content. A model that is not well maintained can have a very 
large file size, take a long time to open or save, or even become corrupted. Letting the quality of 
your model suffer can negatively impact the team’s overall production and lead to frustration 
because they cannot be as efficient as they’d like to be. The model size will grow, it will take a 
long time to save locally or SWC (Synchronize With Central), and the file can suffer corruption 
or crashes. 

Maintaining a good, healthy model is not difficult. It takes about as much effort as regularly 
changing the oil in your car. The important thing, as with your car, is actually doing the regular 
maintenance so you don’t have to fix a bigger problem that could have been avoided. In the 
following sections, we'll cover some simple things you can do using the tools already built into 
Revit software. 


Keeping an Eye on File Size 

The size of your file is a good metric for general file stability. A typical Revit file size for a 
project-in-construction will be between 100 MB and 500 MB. Note that 500 MB is really on 

the high side of file sizes; beyond that, the model will be slow to open and hard to rotate in 

3D views. Other views, such as building elevations and overall plans, will also be slow to open. 
Should your file become large or unwieldy, you have several ways to trim your file and get your 
model lean and responsive again. We’ve discussed some ways to make your computer faster to 
accommodate larger files sizes. Now, let’s discuss ways to optimize the file itself. 


PURGING UNUSED FAMILIES AND GROUPS 


On the Manage tab is a command called Purge Unused. This command removes all the unused 
families and groups from your model by deleting them. There are many times in a design 
process when you will change window types or wall types or swap one set of families for 
another. Even if those elements are not being used in the project, they are being stored within 
the file, and therefore, when the file is opened, they are being loaded into memory. Depending 
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FIGURE B.10: 
The Purge Unused 
dialog box 
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on the stage of your project, you should periodically delete these elements from the model to 
keep your file size down. Don’t worry—if you find you need a family you've removed, you can 
always reload it. 

Select the Manage tab and choose Purge Unused from the Settings panel. Depending on the 
size of your model and how many families you have loaded, it might take the software a few 
minutes to complete this command. 

After the software is done thinking, it will provide you with a list of all the families and 
groups in the file that are not actively within a view (Figure B.10). At this point, you have the 
option to select the elements you want to delete or keep, and remove the rest. You can select 
either entire families or just unused types. Notice that some of the families cannot be selected 
for deletion, because they are either nested in another family or other types of that family are 
already being used in your project. 
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Note : Only items that are not in use and have no dependencies may be deleted 
Number of items checked: 329 





In addition to families, unused materials and property sets can be removed using the Purge 
Unused command. Imported categories can be purged as well; however, you don’t have the 
option to choose which ones to delete. 
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We don’t recommend that you use this command in the early stages of design, because your 
file size won't be that large early on, and purging would eliminate any preloaded families that 
you might have included in your template. During schematic design and design development, 
you are typically going through design iteration and will likely be adding and removing content 
regularly. It can become a hassle to have to constantly load or reload families into the model. 

If your model is not suffering from performance issues or the file size isn’t unruly, it’s not 
necessary to perform a Purge Unused. 

You might also consider using the Save Families tool before purging all unused families. 
From the Application menu, click Save As > Library > Family and you can export all of the 
families in your project to a folder. After you purge unused families, you can always return to 
the folder in which you saved the families and reload them as necessary. 


CUTTING DOWN ON THE NUMBER OF VIEWS 


The ability to quickly create views within a model is one of the benefits of using Revit; however, 
this ability can be a detriment if it is not managed. Beyond the simple hassle of sorting 

through many views to find the one you need, too many views can also negatively affect your 
performance and file size. 

Obviously, a number of views are needed within the model to show design intent and create 
the construction documentation. Beyond those views, you will find yourself creating views to 
study the design, deal with model creation, or simply view the building or project from a new 
angle. These types of working views will never make it to the sheet set, and some will be used 
for only brief periods. 

Before you go through the effort of counting all your unused views, remember that a Revit 
model is a database. You can use this feature to let the software perform the counting for you, using 
schedules. To create a schedule that will track unused views, open the AppB-Foundation. rvt file 
found on the book’s web page at ww. sybex.com/go/masteringrevitarch2016. Next, select the 
Schedules flyout from the View tab and choose View List. 





Schedules | Scope Sheet 
x Box 


Eis 
f | | Schedule/Quantities 


i 
= Graphical Column Schedule 


a Material Takeoff 
t 
A Sheet List 


PN 


View List 


L 
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How MANY WORKING VIEWS ARE TOO MANY? 


How many working views are too many to have in your model? The obvious answer is that when 
performance begins to suffer, you need to start looking at ways to make the model leaner and speed 
up response times. We had a project team new to Revit software, and they were complaining about 
the file being slow to open and manipulate. When reviewing their model, we saw their file size was 
over 900 MB! We were surprised they were able to do any work at all. 


One of the first things we did to get the file size down to something more reasonable was look at 
all the views that were not on sheets. We found they had more than 1,200 views not being used. 
Deleting those views and running a File > Save (with the Compress box checked) brought the file 
size down to 500 MB. Although the size was still high, this example demonstrates the impact that 
too many views can have on your file size. 


The View List Properties dialog box allows you to select the fields you want to have in your 
schedule. For your View List schedule, select the following fields (in order): 


@ Sheet Number 
@ View Name 


@ Title On Sheet 


Use the Add button to move those fields from the left column to the right one and sort them 
in the order listed (Figure B.11). 


FIGURE B.11: 
Selecting fields for 


your View List Fels [Fier | SoringhSrousna | Fomatng | Aopearance| 





Available fields: Scheduled fields (in order): 


Count | | | Sheet Number 
Detail Level , s [View Name 
Discipline , it tle on Sheet 
Family 

Family and Type 
Parts Visibility 








Add Parameter... 





Calculated Value... 





Select available fields from: 
Views 
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If you were to click OK right now, you'd create a schedule of all the views you have within 
the model. Since you want to see only the views that are not on sheets, you have a bit more 
formatting to do. By selecting the Filter tab, you can choose to see only the views not placed on 


sheets. In the Jenkins model, there are two sheet types: those that begin with an A and ones that 
begin with a K. 


1. On the Filter tab, choose to filter the sheets by sheet number. 
2. From the drop-down menu, choose Does Not Begin With as a filter type. 
3. Finally, in the text field, enter a capital A (Figure B.12). 


FIGURE B.12: =. 


ea . ‘View List Properties 
Filtering out views on view Li opermies 
sheets 


ME 


Filter by: Sheet Number 


And: Sheet Number 


And: (none) 
(none) 
(none) 
(none | 
(none } 


(none) 





Remember that because these are database functions, they are also case sensitive. Before 
moving on to the next tab, choose to add another filter selection. Copy the one you just created 
to filter A sheets, but now filter out all the K sheets. 


FILTERING IS AND NOT OR 


Remember that filtering is not an OR command (this OR that)—it’s an AND command. So, if 


you have more than one filter, what you see in the schedule needs to meet both requirements, not 
just one. 
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As a last bit of formatting, select the Sorting/Grouping tab. On this tab, from the drop-down 
menu select Sheet Number. Should you have missed a sheet number type (for instance, if you 
have G sheets in your list), it would appear at the top. Be sure to have the Grand Totals and the 
Itemize Every Instance check boxes selected (Figure B.13). Click OK when you've finished. 


FIGURE B.13: ae ee 
: ‘View List Properties 
Sorting the schedule 
by sheet name Fields | Filter | Sorting/Grouping | Formatting | Appearance 


| Sort by: ‘Sheet Number -| @ Ascending Descending 





Header ~] Footer: Blank line 


Then by: (none) X | 





Header 





v Grand totals: Title, count, and totals 
Custom grand total 


Grand total 





V| itemize every instance 








The result of this exercise will be a schedule that looks similar to Figure B.14; it shows a list 
and the total of all the views not on sheets in your model. You can see that in our model we 
have 19 views not currently on sheets. No matter how many views you have in this schedule, 
you'll want to be selective about what you eliminate and what you choose to keep. Just because 
a view is not on a sheet, that doesn’t mean it doesn’t have value to your project. Ideally, someone 
familiar with the project will assess the value of the views in this schedule to determine what to 
keep and what to remove. 

It is also a good idea to add this schedule to your office template where it will keep a running 
list of views not on sheets that you can refer to at any time in the project process. 


Using Schedules 


As you saw in the previous example, using schedules is a great way to use tools already in 

the software to perform quality control on your projects. Don’t think that all schedules need 

to be placed on sheets. There are several uses for schedules as a quality assurance measure. 

In the previous example using views, you used schedules to help troubleshoot poor model 
performance; however, you can use schedules to help you control quality for all kinds of things. 
The following sections highlight two more examples. 
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FIGURE B.14: 3 z 
The finished schedule <View List> 
heet Numbe View Name _ Title on Sheet 


-3D section 
Level 3 

-3D View 1t a 

A r iia 
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A AE ek 
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I a a rad 
_Jentry- northeast 
‘Level? 
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‘3rd floor terrace 
Perspective 
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MULTICATEGORY SCHEDULES 


An excellent way to monitor the contents of your building model is through the use of 
multicategory schedules. For the purpose of quality control, you might not be too concerned 
with extensive quantity takeoffs. Thus, you will need to create a schedule with a limited number 
of fields, organized in a way that doesn’t list each and every object instance in the project. We’ll 
show you how to do this in the following exercise: 


1. Continuing with the AppB-Foundation.rvt file, go to the View tab in the ribbon, click 
the Schedules flyout, and select Schedule/Quantities. 


2. Choose <Multi-Category> at the top of the Category list and change the name to Multi- 
Category OA Schedule. 


3. In the Fields tab of the Schedule Properties dialog box, add the following fields (in order) 
to the Scheduled Fields list: 


Category 
Assembly Code 
Assembly Description 


Family And Type 


©% ¢ è 


Count 
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4. Switch to the Sorting/Grouping tab, set the first sorting parameter to Category, and select 
the Header option. For the second sorting parameter, choose Assembly Code, and set the 
third sorting parameter to Family And Type. Finally, uncheck the Itemize Every Instance 
option at the bottom of the dialog box (Figure B.15). 


FIGURE B.15: 
Specify the sorting SP ae ee 
and grouping options Fields | Filter | 
for the multicategory 
schedule. Sort by: (Categor | Y| @ Ascending (© Descending 


scnheguig 
T k 


ar 


[E] Header F : | >| WP )Biank tine 


Then by: Assembly Cog | (@) Ascending |) Descending 


| | Header t | [| Blank line 


Then by: Family and T ~| (@) Ascending |) Descending 




















| | Header | : | m ~ [F] Blank line 


| _|Header | | Footer: | +| | |Blank line 


| Grand totals: 
Custam grani total 


| Grand total 


Itemize every instance 





5. Switch to the Formatting tab and select the Category field. Check the box to make it a 
hidden field and then click OK to view the results (Figure B.16). 


FIGURE B.16: 


<Multi-Category QA Schedule> 
The multicategory x 
i Se | l ee 
schedule shows all Assembly Code | Assembly Description Family and Type ae 


elements in the 


C1030400 Fabricated Cabinets & Counters Counter Top: 24" Depth 
proj ect. B1010200 Upper Floor Framing - Vertical Elements Round Column: 12° Diameter 48 
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C1020 Interior Doors ell 
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UK 3D Ellipse Shaped Tree UK 3 1100 | 
02010110 Water Closets - Single 25 
02010210 Urinals - Single Urinal-Waill-3D: Urinal-Wall-3D s 
02010400 ___| Sinks Sok Yar ROU TN 
02010410 Sinks - Kitchen 6 
D2010440 Sink-Mop-2D. Sink-Mop-2D 3 
16 





02010800 Drinking Fountains & Coolers Drinking Fountain-2D‘ Drinking Fou 
1030 29 i El caleg ompart aris S| gaes. LEN 
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With this type of schedule, you can manage the entire scope of contents actively placed in your 
model. Objects that don’t have the proper assembly codes can be corrected in this schedule. 
For other issues such as family- or type-naming conventions, you will need to make those 
adjustments in the Project Browser. In addition to verifying that the correct content has been 
used throughout your project, you can check the Count field for rows where a small number of 
elements have been placed—perhaps indicating that a family has been placed in error. 


DISCOVER A BUNDLE OF SCHEDULES 


Did you know that there are some valuable elements hidden in project templates provided by 
Autodesk? If you create a new project file using the Construction-Default template, you will find 
many schedules related to quality assurance (QA) or quantity surveying (QS). There is also a sheet 
named 000 - Temporary Schedule Sheet, from which you can copy any number of schedules and 
then paste them into your own project. 

Woaid - Praget Brow i 


1) FE) Sehedutes/Quantities 
qa-Aresa Schedule (Gross Sullding) l 





ga- Casework Quantities 
Qo-Ceiling Quantities By Type 
qa-Cisttain Wall Muon Quantities 
ya Citta Wall Panel Quantities 
ga Curtan Wall System Quanttes 
ga-Door Quantities 

gar Pioor Finesives 

ga-Furnture Quantibes 

Qo burmiture System Quantities 
ga-Railing Quantver 

qa-Rarp Quantities 

g@-Room Wall Finishes 

ga Stair Quantities 

qa- Window Quanttie: 

q¢-Parkang Quantities 

ac Planting Quanthes 
ne-SheCuttat 
ge Electrical Fouromernt Quantties r 
Qe Bta Future Quandwes 
qe-Lighang Firture Quantities 

qre Mechanical Equepment Quantities 
gr Specialty Lquipment Quentites 

qe- Plumbing Foture Quantities 

gs- Floor Quantities by Assembly 

gt Rac! Quantites by Assembly 

Qs- Structural Beams & Bracing Quantpes 
Qt-Stuctural Column Schedule 








73-Struc heral Framing Sc hedude 


mAai Chartres by A coer) 





NOTE Another way to save your schedules is to simply right-click them in the Project Browser 
and choose Save to New File. This will export the schedule to an RVT file and is a good way to 
save any view type. 


KEYNOTES 


As a final example illustrating the use of schedules to manage the consistency of a project, we'll 
discuss how to use keynotes in the construction document process. Regardless of whether 

you use numerical keys or text-based keys, you will invariably need to use one of them to add 
annotations to your project. Although the software can easily produce both types of annotation, 
for the sake of ease and consistency we will refer to them as keynotes for the remainder of this 
section because that is the name of the Revit command. 
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If you are keynoting a project, you are adding annotations that call out specific materials 
or conditions within your details. Those notes not only need to be consistent across multiple 
details, but they will also link directly back to the project specifications—a separate set 
of documents published outside of the Revit environment. Historically on a project, to 
maintain any sort of consistency between notes in different views, you needed to manually 
coordinate all the notes and manually check them. When you are talking about hundreds of 
sheets in a drawing set and thousands of notes, there is plenty of room for error. In a manual 
process, you can have notes on one sheet that read “Cast-in-Place Concrete,” whereas on 
another sheet they read “CIP Concrete,” and on a third sheet “Cst in Place Conncrete” (note 
the typos). 

The Keynote tool has some built-in checks and balances to ensure a level of consistency 
when it is being used, and we explore the tool further in Chapter 18, “Annotating Your Design.” 
However, it should be pointed out that a keynote legend is another good way for the project 
manager to maintain a level of oversight throughout the project. A keynote legend will give 
you a running list of what notes are being used in a project—even though it is intended to be 
placed on sheets to complement your documentation. This overall list can also be cross-checked 
against the specifications so you can ensure that everything you've added to the model has a 
corresponding section. 

To create a keynote legend, follow these steps: 


1. On the View ribbon, select the Legends drop-down, and choose Keynote Legend. 
The fields for a keynote legend are limited to Key Value and Keynote Text. 


2. Switch to the Filter tab and you will notice an option unique to this type of legend. Check 
the box labeled Filter By Sheet if you want the legend to display only the keynotes shown 
within the same sheet on which the legend is placed. Remember, you can place a legend 
on as many sheets as necessary. 


3. In the Sorting/Grouping tab, you have one additional option to help you review the 
keynotes used in your project. If you select the Footer option and choose the Count 
And Totals option (Figure B.17), you can view how many times each keynote is used 
throughout your project. Remember that this option will also affect the instances of the 
keynote legend already placed on sheets. Use this option sparingly and disable it after 
your quality control tasks. 


FIGURE B.17: 

Use the Footer option : 
to show a count of | Fields | Filter | Soriing/Grouping Formatting | Appearance | 
each keynote. 


Sort by: Key Value X © Ascending Descending 





| Header Vi Footer: (Count and totals 7) CiBlank line 


The finished schedule will look like Figure B.18. If you look at the elements displayed in 
the schedule, you'll notice that it is organized by Construction Specification Institute (CSI) 
division, and every note will be listed so you can verify the spelling and accuracy of each 
item. 


Certification 
Objective 
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FIGURE B.18: | 

The Keynote Legend <Keynote Legend> 

view | 
A a a a no Nee 


| Key Value : Keynote Text | 


033000 .AG LIGHTWEIGHT, CONCERETE FILL (033000) 


GALV. METAL DECK (053100) 


miiia HIH EREE E A E PIRRE EE H HHE H ien ianpariariarjartabriejabpepaniir i ieiianinartieard jenii eHeh eheee 


ddai 3.AV INSU LATED SPANDREL PANEL (084413 


apiamigbjorisriarjarisprniinipa aminman an iapjanjanjanpangan: PABIABJAENABNAENNBINENAE tontae font nae onto foniatianiaetnianiariaeseiae eaten i , npapinpe iapinjaii 


092216. BA 


ebebarnneensnsnuaniatiniuicitaaaiaianicicieienennasisisistnissie 


09681 3.AA : CARPET 





GYPSUM BOARD O32. 
TILE, C 


bit bHbhd chi tbabinbinbinhisbisbinbinbinbinbinbisbiabistal 


Reviewing Warnings 
A seemingly obvious place to troubleshoot your model is the Review Warnings tool. Although 
this technique will do very little to affect your overall file size, the Warnings dialog box will 
alert you to problems within the model that should regularly be addressed to ensure file 
stability. To locate this dialog box, go to the Manage tab in the ribbon, find the Inquiry panel, 
and click the Warnings button. 

Selecting this tool will give you the dialog box shown in Figure B.19, which lists all the 
warnings still active in your project file. 


FIGURE B.19: 
The Warnings dialog 
box 


Highlighted walls are attached to, but miss, the highlighted targets. 

Line in Sketch is slightly off axis and may cause inaccuracies. 

Two elements were not automatically joined because one or both is not 
editable. 

Some panels in this curtain system are slightly malformed. The problem is 
most likely ignorable. This problem usually occurs when a panel or parts of 
a panel have been divided so that they are very narrow. To better see the 
malformed panels, temporarily hide the mullion category and set display of 
lines to “thin lines” (using the command on the view menu). 

Highlighted lines overlap. Lines may not form closed loops. 

There are identical instances in the same place. This will result in double 
counting in schedules. 

A wall and a room separation line overlap. One of them may be ignored 
when Revit finds room boundaries. Shorten or delete the room separation 
line to remove the overlap. 

Hinhlinhted walle averlan One of them mav he innnred when Revit find<« 








Show More Info Delete Checked... 


To highlight an element in the graphics window, select it in this tree. 


Most standard view commands work without exiting this dialog. 
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Warnings are notifications of all types of issues the software has resolving geometry, 
conflicts, or formulas that do not equate. Examples of things that will appear in this dialog box 
are instances where you have multiple elements sitting directly on top of each other, thereby 
creating inaccurate schedule counts; wall joins that do not properly clean themselves up; wall 
and room separation lines overlapping; stairs that have the wrong number of risers between 
floors; and so on. This dialog box shows you all the times the yellow warning box appeared at 
the bottom-right corner of the screen and you did not take action to solve the problem. Warnings 
that go unchecked not only can compound to create other errors, but can lead to inaccurate 
reporting in schedules or even file corruption. You'll want to check the Warnings dialog box 
regularly as part of your periodic file maintenance and try to keep the number of warnings to a 
minimum. You might also notice that the dialog box has an Export feature. This feature exports 
your warning list to an HTML file, allowing you to read it at your leisure outside the model 
environment (Figure B.20). Pulling this list into a Microsoft Word or Excel document allows you 
to distribute the warnings across the team for them to be resolved. 
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In the example shown in Figure B.20, we have 47 warnings in the file. How many warnings 
in a file are too many? That depends on your model, computer capabilities, what the warning 
types are, and your deliverable. For instance, if you are delivering a model to your client or to 
the contractor, you might have a zero-warning requirement. In that case, all warnings must 
be resolved prior to delivering the model. If you are still actively in the design phase of the 
project, however, you will always have some warnings—it is an inescapable part of the process 
of iteration. As you refine the drawings, problems will be resolved, and as you add new content 
to the model that is in need of resolution, new ones will be created. If you are not worried about 
a model deliverable, you can get away with having fewer than 1,000 warnings in the project 
without too much trouble. That said, the cleaner the model, the smoother it will run. 
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Another option for finding and resolving warnings is available in the contextual tab of the 
ribbon. When you select one or more objects that have warnings associated with them, you will 
see the Show Related Warnings button at the end of the ribbon. Click this tool to display the 
warning dialog box, and only the warnings related to the selected elements will be displayed. 
This is a good way to resolve model issues as you and your team develop a project. Being 
proactive about model quality will save you time in the long run. As Benjamin Franklin once 
said, “An ounce of prevention is worth a pound of cure.” 


Other Tips and Shortcuts 


Beyond all the things you can do to hone your skills, you will begin to learn a number of tips 
and shortcuts as your experience grows using Revit Architecture. Here is a compilation of some 
of those tips and tricks: 


Let the software do the math. Revit Architecture is like a big calculator, and it’s very good 

at doing math correctly. Don’t want to spend the time trying to figure out what your room size 
is after you subtract a 3 5/8" stud and 5/8" piece of gypsum board from an 11-2" room? Don't. 

If you need to modify a dimension, simply add an equal sign and a formula (Figure B.21), and 
Revit will calculate the value for you. You can do a lot of math within the Properties palette. 
Revit will support everything from simple calculations to the more complex Boolean equations. 


FIGURE B.21: Dimensions 

Use an equal sign Thickness =4'S"-2 13/16"| 
for performing Height 7 o" 
calculations. Trim Frojection Ext o 1" 





Make elevators visible in your plans. You want to create a shaft that will penetrate all the 
floors of your building and put an elevator in it that will show in all your plans. You could 
do that with an elevator family and cut a series of holes in the floors by editing floor profiles, 
but sometimes those holes lose their alignment. Fortunately, you can do both things at once 
using the Shaft tool found on the Opening panel of the Architecture tab. Here, not only can 
you cut a vertical hole through multiple floors as a single object, but you can also insert 2D 
linework to represent your elevator in plan (Figure B.22). Every time the shaft is cut in a plan 
view, you will see the elevator linework. 





FIGURE B.22: 
Adding an elevator to 
a shaft 
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Orient to view. Creating perspective views of isolated design elements can be quick and 
easy ina plan or section, but let’s say you want to see that same element in 3D to be able to 
work out the details. Here’s how: 


1. Create a plan region or section cut isolating the area in question. If you're using a 
section, be sure to set your view depth to something practical. 


2. Open the Default 3D view or any axon of the project. 


3. Right-click the ViewCube®, select Orient To View, and select your view from the 
context menu. 


Now, your 3D view will look identical to your section or plan region, but by rotating the 
view, you'll be able to see that portion in 3D. 


Tune your shortcuts. You can edit your keyboard shortcuts without the hassle of rooting 
through your hard drive looking for a TXT file. To edit your shortcuts, click the Application 
menu and select Options. Choose the User Interface tab and then click the Customize button. 
The Keyboard Shortcuts dialog box (Figure B.23) will allow you to edit those shortcuts. 
Consider making common shortcuts the same letter. So instead of pressing VG to get to your 
Visibility/Graphic Overrides dialog box, make the shortcut VV for quicker access. 


FIGURE B.23: 
Editing your keyboard 
shortcuts 








Filter: | All + | 





Assignments: 


Command Shortcuts Paths 
| Modify MD Create > Select; Insert> Select; Ann... 
| Select links Create >Select; Insert>Select; Ann... 
| Select underlay elements Create >Select; Insert>Select; Ann... 
| Select pinned elements Create> Select; Insert> Select; Ann.. 
| Select elements by face Create >Select; Insert> Select; Ann. 
Drag elements on select.. Create>Select; Insert> Select; Ann.. 


| Type Properties Create> Properties; Modify >Prope... 


Properties Create> Properties; View>Windo... 


Family Category and Par... Create>Properties; Modify>Prope... 
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Press new keys: 








Drag and drop families. You need to load a family into a project, you have the Explorer 
window open, and you know where the family is, but you don’t want to go through the 
laborious effort of navigating across your office’s server environment to get there. No 
problem. You can drag and drop families from Explorer directly into the project file. 
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Double-click families to edit. You no longer need to highlight a family and then mouse 

all the way to the ribbon to choose Edit Family. If you want to edit the family, simply double- 
click it and the family will launch in the Family Editor. You can customize other double-click 
settings in the Options dialog box, accessed on the Application menu. 


Double-click the mouse wheel to activate the Zoom To Fit command for even faster view 
navigation! 


Copy a3D view. You made the perfect 3D view in your last project, and you can’t figure 
out how to get it into your current project. Fortunately, there’s a way to copy views from one 
project to another. Open both files in the same running instance of the software and then 
follow these steps: 


1. Inyour perfect view, right-click the 3D view in the Project Browser and choose Show 
Camera from the context menu. 


2. Press Ctrl+C to copy the selected camera. 


3. In your new model, use Ctrl+V to paste the camera, and your view and all its settings 
are now there. 


Use a quick-cut poché. Want to change everything that’s cut in a view without having to 
select every family and change its properties? A quick-cut poché is, well, quick: 


1. Open the view you want to modify. 
2. Using a crossing window, select all the elements within the view. 


3. Right-click and choose Override Graphics In View > By Element from the context 
menu. As shown in Figure B.24, you can choose any filled region in the project and 
assign it to anything that is cut within your model. 


FIGURE B.24: pn eee SS ee ree acral 
View-Specific Element Graphics x 

Using Override pect P 

Graphics for a quick- Ml visible | Halftone 

cut poché 


> Projection Lines 


> Surface Patterns 

> Surface Transparency 
> Cut Lines 

wv Cut Patterns 


v | Visible 


Color: @ Black 


Pattern: Solid fill 
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Move your ribbon. Did you know that you can reorganize the tabs on the ribbon and place 
them in any order you'd like? Hold down the Ctrl key and select a tab (like Insert). You can 
drag it left or right to change the order in which they appear. 


Additional Resources 


A number of resources are available to help you along the way to improve your Revit 
Architecture skills, solve problems, or create new content. In our digital age, there is a wealth 
of information online to help you learn or communicate with users far and wide. So before you 
spend hours trying to solve a particularly challenging problem on your own, you might check 
some of these tools: 


Help Clicking the question mark icon in the upper-right corner of the application will 

take you to the Autodesk Help site at http: //help. autodesk. com/view/RVT/2016/ENU. 
This site will give you a basic synopsis of all the tools, buttons, and commands available 

in the application. If you don’t wish to use the online help resource, you can switch to the 
traditional local help file by searching your computer for the version of the Revit.ini file 
specific to your version of Revit software. For the individual user, the Revit.ini is located here: 


C: \Users\username\AppData\Roaming\Autodesk\Revit\Autodesk Revit 2016 


Edit the file in a text-editing application. Find the section heading named Documentation, 
and edit the values as follows: 


| Documentation | 

UseHelpServer=0 

HelpFi LeLocation="C:\Program Files\Autodesk\Revit 2016\Program\Help\ 
en-US\WBH\index. html" 

He LpBrowser=0 


The value for HelpFi LeLocation in the example above may vary, depending on the localized 
version of the software or modifications to the default installation path. You can also change 
the HelpFi leLocation variable to any location on your company’s server. 


UseHelpServer can be set to ® for offline help or to 1 for online help. HelpBrowser is an 
integer that controls the Internet browser used when calling the help content. Set this 
variable to ® to use the default browser or to 1 to always use Internet Explorer. The variable 
OnlineHelpLocale can be used to direct links to online help into a specific language. Use a 
locale designation such as enu for English-United States or fra for French. 


Subscription Support If you have purchased Revit Architecture on subscription, Autodesk 
offers web-based support. Autodesk’s responses are speedy, the advice is top-notch, and 
chances are your problem has been seen before. Subscription Support can be accessed online 
at http: //subscription. autodesk.com. 


AUGI Autodesk User Group International (AUGI) is a source for tips and tricks as well 
as excellent user forums. The forums are free to participate in, and they’re a great place 
to ask questions, find answers, or discuss project workflows. AUGI is located online at 
www. augi.com. Once you're there, head to the AEC forums. 
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YouTube Here’s a great reason to tell your IT department you need access to YouTube. 
Autodesk has its own channel that has some great content, it’s free, and it has hundreds of 
short videos showing you how to perform specific tasks in Revit. See www. youtube. com/ 
user /autodeskbui lding. 


AECbytes AECbytes is a website dedicated to following the trends in the AEC industry, 
with a strong focus on BIM, technology, and the direction of the industry, put together by 
Lachmi Khemlani. See ww. aecbytes.com. 


RevitForum RevitForum is a user-based forum for all the Revit questions you could ever 
ask. It has international membership and language translation. It’s a great resource where 
you can ask questions and receive feedback; see www. revitforum. org. 
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Autodesk Revit Architecture 
Certification 


Autodesk® certifications are industry-recognized credentials that can help you succeed in 
your career, providing benefits to both you and your employer. Getting certified is a reliable 
validation of skills and knowledge, and it can lead to accelerated professional development, 
improved productivity, and enhanced credibility. 

This Autodesk Official Press guide can be an effective component of your exam preparation and 
was current at the time of this book’s press. Autodesk highly recommends (and we agree!) that you 
schedule regular time to prepare, review the most current exam preparation roadmap available 
at www. autodesk. com/certification, use Autodesk Official Press guides, take a class at an 
Authorized Training Center (find ATCs near you here: www. autodesk. com/atc), and use a variety 
of resources to prepare for your certification—including plenty of actual hands-on experience. 

Certina Eon To help you focus your studies on the Autodesk® Revit® Architecture skills you'll need for 
Objective these exams, the following tables show objectives that could potentially appear on an exam and 
in what chapter you can find information on that topic—and when you go to that chapter, you'll 
find certification icons like the one in the margin here. 

Table C.1 is for the Autodesk Revit Architecture 2016 Certified User Exam Sections and 
Objectives and lists the topics, exam objectives, and chapter where the information for each 
objective is found. Table C.2 is for the Autodesk Revit Architecture 2016 Certified Professional 
Exam Sections and Objectives. 

These Autodesk exam objectives were accurate at publication time. Please refer to 
www. autodesk.com/certi fication for the most current exam roadmap and objectives. 

Good luck preparing for your certification! 


TABLE C.1: Autodesk Revit Architecture 2016 Certified User Exam Sections 
and Objectives 
TOPIC LEARNING OBJECTIVE CHAPTER 
User Interface: Identify primary parts of the user interface (UI): tabs, Chapter 2 
Definitions Application menu, InfoCenter, ribbon, elevation tag, status bar, 


view control bar, Project Browser, context/right-click menus. 


User Interface: Name the key features of the ribbon. Define howa split Chapter 2 
UI Navigation/ button works. Demonstrate the three ways the ribbon can be 
Interaction displayed: Full Ribbon, Min To Panel Tiles, Min To Tabs. 


Demonstrate how to detach a panel and move it on the screen. 
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TABLE C.1: 


APPENDIXC AUTODESK REVIT ARCHITECTURE CERTIFICATION 


and Objectives (CONTINUED) 


TOPIC 


User Interface: 
Drawing Window 


User Interface: 
Navigation 
Control 


User Interface: 
Zoom 


File 
Management: 
Definitions 


File 
Management: 
Project Files 


File Management: 
Open Existing 
Revit Project 


LEARNING OBJECTIVE 


Describe the hierarchy in the Project Browser for anew 
project. 


Demonstrate how to add items to the Quick Access toolbar. 
Describe why the Options bar changes. 
Describe the function of the status bar. 


Describe what pressing the Esc key does. 


Describe what double-clicking an elevation view marker does. 


Demonstrate how to turn on/off the 3D indicator. 
Demonstrate how to change the view scale. 
Describe the functionality of the ViewCube® 
Describe what the ViewCube home icon does. 
Describe how to zoom using the Navigation Bar. 
Describe the quickest way to zoom in or out. 
Describe the quickest way to pan. 


Define the acronym BIM and why it is important to Revit 
users. 


Define a template file. 
Identify the filename extension of a project file (. rvt). 


Identify the filename extension of a template file (. rte). 
Create a template file for later project use. 


Identify the filename extension of a Revit family file (. r fa). 


Locate the Recent File window. 


Autodesk Revit Architecture 2016 Certified User Exam Sections 


CHAPTER 


Chapter 2 


Chapter 2 
Chapter 2 
Chapter 2 
Chapter 2 


Chapter 2 


Chapter 2 
Chapter 2 
Chapter 2 
Chapter 2 
Chapter 2 
Chapter 2 
Chapter 2 


Chapter 1 


Chapter 4 
Chapters 1, 2 


Chapter 4 


Chapter 14 


N/A 
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and Objectives (CONTINUED) 


TOPIC 


File 
Management: 
Create New Revit 
Project 


Views: View 
Control and 
Properties 


Views: View 
Types 


Views: Cameras 


Levels: 
Definitions 


LEARNING OBJECTIVE 


Demonstrate how to open a Revit file through Projects > 
Open and through Application menu > Open Documents 
icons. 


Demonstrate how to create a new Revit project folder and file 
through Application menu > New > Project. 


Change to a metric drawing. 


Add project information to a new drawing set. 


Change system settings to create anew dimension style. 
Change arrows to architectural tick (obliques). 


Navigate and change views using the view control bar. 


Understand the view range of plan views and be able to 
change it. 


Understand the purpose of view templates. 


Change object visibility using temporary hide, hide category, 
and hide element. 


Create section views including segmented ones. 
Modify, crop, and place views on a sheet. 

Create and navigate 3D views. 

Create callouts for details. 

Create and annotate a drafting view. 

Use the section box to create a cutaway 3D view. 
Create a camera view, and modify its orientation. 
Create and edit a walk-through. 

Describe a level. Describe a use of a non-story level. 


Understand how levels interact with intersecting views. 


Autodesk Revit Architecture 2016 Certified User Exam Sections 


CHAPTER 


N/A 


N/A 


N/A 


Chapter 17 


Chapter 18 


Chapters 2, 11 


Chapter 2 


Chapter 17 


Chapter 2 


Chapter 17 
Chapter 17 
Chapter 11 
Chapters 16, 17 
Chapters 17, 18 
Chapter 11 
Chapter 11 
Chapter 11 
Chapter 2 


Chapter 2 
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and Objectives (CONTINUED) 


TOPIC 


Walls: Home Tab 
> Wall 


Walls: Options 
Bar 


Walls: Openings 
Walls: Join 
Walls: Materials 


Doors: Home Tab 
> Door 


Doors: Options 
Bar 


Doors: Modelin 
Place 


Windows: Home 
Tab > Window 


Windows: 
Options Bar 


Windows: Model 
in Place 


Component: 
Options Bar 


Component: 
Component Host 


Component: 
Families 


Columns and 
Grids: 
Definitions 


LEARNING OBJECTIVE 
Create new levels. 
Understand level properties and characteristics. 


Describe how to place walls. 


List options available when placing and modifying walls: 


Height, Location Line, Chain, Offset, Radius. 
Create a floor-to-ceiling opening in a given wall. 
Demonstrate a join on crossing wall elements. 
Create a new wall style, and add given materials. 


Describe how to place doors. 


Describe door options: Vertical/Horizontal, Tag On 
Placement, Leader, Leader Attachment Distance. 


Edit existing doors. Use the Align tool to position a door. 


Describe how to place windows. 

Describe window options: Vertical/Horizontal, Tag On 
Placement, Leader, Leader Attachment Distance. 

Edit existing windows. 

List options available when placing a component. 


Describe how to move a component to a different host. 


Navigate to find component families and load them. 
Edit a family file and save. 


Identify the uses of a grid. 


Autodesk Revit Architecture 2016 Certified User Exam Sections 


CHAPTER 
Chapters 2, 8 
Chapter 2 


Chapter 12 


Chapter 12 


Chapter 13 
Chapter 12 
Chapter 12 


N/A 


Chapter 18 


Chapter 14 


N/A 


Chapter 18 


Chapter 14 


Chapter 14 


Chapter 14 


Chapter 14 
Chapter 14 


Chapter 2 
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and Objectives (CONTINUED) 


TOPIC 


Columns and 
Grids: Home Tab 
> Grid 


Columns and 
Grids: Grid 


Properties 


Columns and 
Grids: Home Tab 
> Column 


Columns and 
Grids: Column 
Properties 


Columns and 
Grids: Modify 


Stairs and 
Railings: Stair 
Types and 
Properties 


Stairs and 
Railings: Stair 
Placement 
Options 


Stairs and 
Railings: Railing 
Types and 
Properties 


Stairs and 
Railings: Railing 
Placement 
Options 


Roofs and Floors: 


Roof Types and 
Properties 


LEARNING OBJECTIVE 


Create an equally spaced grid pattern. 


List the options available when placing and modifying grids. 


Place columns ona grid. 


List the options available when placing and modifying 
columns. 


List the tools you can use to modify columns and grids. 


Set the stair type. 


Change the stair tread depth. 


Adda stair. 


Set the railing to rectangular. 


Set the railing properties. 


Adda railing. 


Create a roof. 


Autodesk Revit Architecture 2016 Certified User Exam Sections 


CHAPTER 


Chapter 3 


Chapter 3 


N/A 


N/A 


N/A 


Chapter 15 


Chapter 15 


Chapter 15 


Chapter 15 


Chapter 15 


Chapter 15 


Chapter 13 
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and Objectives (CONTINUED) 


TOPIC 


Roofs and Floors: 
Roof Elements 


Roofs and Floors: 
Floor Types and 
Properties 


Sketching: 
Geometry 


Sketching: Fillet, 


Trim 


Sketching: Snaps 


Annotations: 
Text 


Annotations: 
Dimensions 


Annotations: Tags 


Schedules: 
Schedule Types 


Schedules: 
Legends 


Schedules: 
Keynotes 


Construction 
Document Sets: 
Sheet Setup 


LEARNING OBJECTIVE 
Modify the roof properties. 


Create a fascia, a soffit, anda gutter. 


Set the floor type (Sloped and Tapered). Create a floor. 


Sketch geometry and profiles using all sketching tools: Lines, 
Arcs, Polygons, Rectangles. 


Fillet objects. 

Trim objects. 

Describe the benefits of using snaps. 

List the shortcuts to toggle snaps on and off. 


Add model text to a floor plan. 


Adda dimension to a given floor plan. Create a wall section. 
Adda spot slope toa roof ona given plan. 

Add tags. 

Tag untagged elements in a given floor plan. 

Create a door schedule. 

Create a window schedule. 

Create a room schedule. 


Create a Legend. 


Add keynotes. 


Create a title sheet witha sheet list. 


Autodesk Revit Architecture 2016 Certified User Exam Sections 


CHAPTER 
Chapter 13 


Chapter 13 


Chapter 13 


Chapters 16, 17,18 


Chapters 16, 17,18 


Chapters 3, 16, 17,18 


Chapter 3 
Chapter 3 


N/A 


Chapter 18 
Chapter 13 
Chapter 18 
Chapter 18 
N/A 

N/A 

Chapter 20 


Chapter 18 


Chapter 18 


Chapter 17 
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Autodesk Revit Architecture 2016 Certified User Exam Sections 
and Objectives (CONTINUED) 


TABLE C.1: 


TOPIC LEARNING OBJECTIVE CHAPTER 

Construction Create view/sheet sets for printing. Chapter 17 

Document Sets: 

Printing Print in scale. Print with percentage. N/A 

Construction Render. Chapter 11 

Document Sets: 

Rendering Place generic lights. Chapter 11 
Set the solar angle. Chapter 11 


TABLE C.2: Autodesk Revit Architecture 2016 Certified Professional Exam Sections 


and Objectives 
TOPIc OBJECTIVE CHAPTER 
Collaboration Copy and monitor elements ina linked file. Chapters 5, 6 
Use worksharing. Chapter 5 
Import DWG files into Revit. Chapter 7 
Documentation Create and modify filled regions. Chapter 17 
Place detail components and repeating details. Chapter 17 
Tag elements (doors, windows, and so on) by category. Chapter 18 
Use dimension strings. Chapter 18 
Set the colors used in a color-scheme legend. Chapter 20 
Work with phases. Chapter 10 
Elements Change elements within a curtain wall: grids, panels, Chapter 12 
mullions. 
Create compound walls. Chapter 12 
Create a stacked wall. Chapter 12 


Differentiate system and component families. 


Chapters 12, 13, 14 
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TABLE C.2: 


Modeling 


Views 


Create anew family type. 

Use family creation procedures. 

Edit room-aware families. 

Modify an element’s type parameters. 
Use Revit family templates. 

Assess or review warnings in Revit. 
Create a building pad. 

Define floors for a mass. 

Create a stair witha landing. 

Create elements such as floors, ceilings, or roofs. 
Generate a toposurface. 


Model railings. 


Edit a model element’s material: door, window, furniture. 


Change a generic floor/ceiling/roof to a specific type. 
Attach walls toa roof or ceiling. 

Define element properties in a schedule. 

Control visibility. 

Use levels. 


Create a duplicate view for a plan, section, elevation, 
drafting view, and so on. 


Create and manage legends. 
Manage the view position on sheets. 


Organize and sort items in a schedule. 


Autodesk Revit Architecture 2016 Certified Professional Exam Sections 
and Objectives (CONTINUED) 


Chapter 14 

Chapter 14 

Chapter 14 

Chapter 14 

Chapter 14 

Appendix B 

Chapter 3 

Chapter 8 

Chapter 15 

Chapter 13 

Chapter 3 

Chapter 15 

Chapter 11 

Chapter 12, 13 
Chapter 12,13 
Chapter 17 

Chapters 3, 11, 16,17 
Chapters 2,12,13,15 


Chapter 17 


Chapter 17 
Chapter 19 


Chapter 17 


Index 


Note to the reader: Throughout this index boldfaced page numbers indicate primary discussions of a topic. 


Italicized page numbers indicate illustrations. 


Symbols and Numbers 


2D CAD data 
BIM conversion settings, 246-247 
callouts, 249 
coordination and, 247 
detail linking, 247-249 
exporting, 264-266 
2D elements, inserting from files, 161-162 
3D CAD data 
exporting 
IFC interoperability, 269-275 
levels, 268-269 
to SketchUp, 266-269 
as face, 251-254 
as mass, 250-251 
as object, 254-256 
3D coordination, interference checking, 
233-234 
3-D printers, 6-7 
3D views, 62-65 
annotating, 861-862 
orienting to other views, 859-861 
worksets, 183 


A 


A360 Collaboration, 202 
adaptive components, 337 
modeling, 337-344 
additive method of storage, 492 
alignment, 84 
Paste Aligned, 92-93 
alternate units, 802-803 
ambient light, 443 
analysis, 10-11 
analytic extents (datum objects), 41-43 
analytic visualization, 432 
design element identification, 455 
project parameters, 449-452 


solar and shadow studies, 455—458 
user-defined parameters, 452-455 
analytical model objects, 114 
Analyze tab, 23 
Annotate tab, 22 
Dimension tools, 794 
Tag tools, 789 
Material Tag, 791-792 
Multi-Category Tag, 792-794 
Room Tag and Area Tag, 791 
Tag All, 791 
Tag By Category, 791 
annotation 
3D views, 861-862 
areas, 739 
custom, 147-148 
dimensions, 794-796 
alternate units, 802—803 
equality, 797-798 
strings, 800-802 
text, custom, 798-800 
keynotes, 771, 776-779 
parameters, 803-804 
project, 804-808 
shared, 804 
assigning, 810-812 
creating, 808-810 
tagging, 812-816 
rooms, 739 
stairs, 684-686 
tags and, 788-789 
custom, 147-151 
inserting, 789-790 
section tags, 152-154 
view tags, 152 
text and, 771-775 
formatting, contextual, 775-776 
Annotation Objects tab, 114 
Application menu, 20 
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architect role, 14 
architect to MEP engineer workflow, 209 
architect to structural engineer workflow, 
208-209 
Architecture tab, 22 
Area And Volume Computations dialog box, 
738-739 
area boundaries, 741-743 
area objects, documenting, 744-747 
area plans, 740-744 
large projects, 748 
modifying, documenting, 747 
sheets, 763-764 
areas 
annotation and, 739 
deleting, 746 
schedule, 758-759 
arraying elements, 81-83 
assemblies 
creating, 843-844 
views, 844-846 
Asset Browser dialog box, 124-126 
assets, 119 
adding/replacing, 124-126 
axonometric views, 864-870 


B 


balusters, railings, 651 
as tread supports, 669—676 
Basic Ceiling family, 575 
BCF (BIM Collaboration Format), 6 
best practices, 920-927 
groups, 406—407 
BIM (building information modeling), 3 
execution plan, 15-16 
Indiana University BIM requirements, 208 
lonely, 205 
processes, 5—6 
analysis, 10-11 
strategizing, 11 
visualization, 6—9 
project roles, 12-14 
architect, 14 


drafter, 14, 15 
modeler, 14 
service opportunities, 5 
social, 205 
as source model, 9 
staffing, 12 
team building, adding members, 16 
workflow, 4-5 
BIM Task Group, 205 
blends, 630-635 
BOMA (Building Owners and Managers 
Association), 740 
Browser Organization dialog box, 28, 138-141 
browsers, Project Browser, 26-28 
building pad, 104 
buildingSMART Alliance, 205, 206 


C 


CAD 
details, importing, 729-730 
exporting data, 256-257 
DWG exports, 259-264 
views list, 257—259 
file coordinates, acquiring, 212 
inserting data 
2D, 245-249 
Background setting, 242-243 
exploding, 245 
families, 243 
font types, 239-240 
Foreground setting, 242-243 
Graphic Overrides, 244 
importing options, 240-242 
importing versus linking, 240 
layer colors, 238-239 
layer visibility, 243 
level visibility, 243 
large data, linking, 246-247 
projects, 4 
calculating space, room objects and, 737-739 
Callout tool, 58—59 
callouts, 249 
cantilevered metal decking, 565 


CDE (conceptual design environment), 534 
CEA (conceptual energy analysis), 351 
refining, 360—367 
setup, 352-357 
simulations, 357—360 
ceilings 
Automatic Ceiling mode, 575-576 
Basic Ceiling family, 575 
Compound Ceiling family, 575 
creating, 53—55 
floor types and, 560 
height, 576 
room-bounding and, 576 
sketching for, 567 
central files, 167-168 
creating, 171-174 
local copies, 175-178 
synchronizing with, 186-188 
working in, 185 
certification exam sections and objectives, 
945-952 
Charles Pankow Foundation, 206 
clash detection, 233-234 
Clipboard 
copying from, 91 
pasting from, 91 
Edit Pasted, 91—92 
Paste Aligned, 92-93 
closing Revit, 192-194 
cloud. See also revisions 
collaboration and, 201-202 
point clouds, 873, 883 
large, 898 
LIDAR, 894-898 
modeling and, 899-902 
COBie (Construction-Operations Building 
Information Exchange), 6 
Collaborate tab, 23 
collaboration, 188 
A360, 202 
cloud, 201-202 
consultants, coordination process, 
206-207 
consultants and, 205-206 
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coordinate systems, 210-211 
acquiring, 211-213 
publishing coordinates, 211-213 

floors, 561 

shared positioning, 210-211 

workflows, 208-209 

Color Fill Legends 

color schemes, numerical ranges, 856-859 

custom, 852-854 

program verification, 858 

rooms, 848-852 

settings, 855-856 

color schemes, preconfiguring, 135-138 
colors, selecting and, 68 

columns, Copy/Monitor tool, 228 
complex mass family, 326-332 
component families, 49 

Compound Ceiling family, 575 
conceptual mass, 336-337 

adaptive components, 337 

modeling, 337-344 
Consistent Colors view, 437, 438 
constraints, 88-89 
Construction Industry Insitute, 206 
construction phase, 833-834 

assemblies 

creating, 843-844 

views, 844-846 

Design Review, 827-828 
publishing to, 828-833 

digital markups, 827-833 

parts 
category, 842 
creating, 834-835 
dividing with gap, 839-841 
excluding, 841 
merging, 841 
modifying, 835-842 
scheduling, 842-843 

revisions, cloud 

creating, 821-824 

leader, 827 

placement, 824-826 

tagging, 826 
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consultants 
collaboration and, 205-206 
coordination process, 206-207 
Copy/ Monitor tool, 207 
Interference Check tool, 207 
Link Revit tool, 207 
linked models, 207 
content, 36 
component families, 49 
system families, 48—49 
context menu, 73—74 
Contextual tabs, 24 
Coordinate Review tool, 230-232 
exercise, 232-233 
coordinate systems 
acquiring, 211-213 
internal, 210—211 
publishing coordinates, 211-213 
shared, 211 
coordination tools, 225—226 
2D CAD data, 247 
Coordinate Review, 230-232 
Copy/Monitor, 226-228 
Interference Check, 234-236 
Copy tool, 78 
copying 
elements, 78 
groups, 398—400 
levels, 39—40 
worksheets and, 78 
Copy/Monitor Options dialog box, 226-228 
Copy/Monitor tool, 226-228 
exercise, 228-230 
Create Form tool, 282, 309—310 
crop region, 51 
curtain walls, 519—520 
complex 
adaptive component family, 554-555 
CDE, 534 
pattern-based panel family, 542-545 
pattern-based panel family size, 552-554 
pattern-based panels, scheduling, 556-557 
patterns, 539, 551 
editing, 539-540 


project environment, 534 
pyramid pattern-based family, 
546-550 
surface 
dividing, 535-537, 546 
intersects and, 538 
surface representation, editing, 540-541 
UV grid, 536-537 
cutomizing, 529-531 
design, 521-523 
doors, 527-528 
grids, 520 
segment customization, 524-527 
mullions, 521 
corner mullions, 529 
pinned, 531-532 
replacing, 523-524 
panels, 521 
custom, 532-533 
pinned, 531-532 
replacing, 523-524 
curves, Rhino, 251-254 
cut patterns, 128 
cut values, families, 599 
cut-fill surface, 108-109 


D 


datum objects, 36-38 
extents 
analytic, 41-43 
graphic, 41-43 
maximizing, 45—46 
propagating, 43-45 
resetting, 45-46 
reference planes, 46-48 
design 
early models, 568 
iteration, options and, 407—415 
options 
creating, 408-410 
deleting, 415-416 
editing, 411 
groups and, 415-430 


main model and, 408 
phasing and, 415-430 
primary, 413-414 
scheduling, 412 
sets, deleting, 414-415 
viewing, 412 
railings, 645-647 
stairs, 645-647 
sustainability analysis, 335-336 
Design Option tool, 426—430 
Design Review, 827-828 
publishing to, 828 
DWFEx file export, 828-830 
markup import, 830-833 
detail groups, 394, 724-726 
Detail Level parameter, 51 
Detail Level property, 433-435 
detailing 
components, 715 
families, 726-729 
line-based, 723 
repeating, 719-723 
views and, 715-719 
Detail Line tool, 707-708 
Detail views, 703-704 
Drafting views, 704 
efficiency, 729 
filled regions, 709-714 
placing, 713-714 
type creation, 713-714 
type names, 712 
hybrid, 705-707 
insulation, 723-724 
Linework tool, 708-709 
model, 707 
Region tool, 709-714 
regions 
filled, 709-714 
masking, 710 
reusing details 
CAD details, 729-730 
Revit projects, 730 
saving, 731-734 
stand-alone, 705 
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dialog boxes 


Area And Volume Computations, 738-739 
Asset Browser, 124-126 

Browser Organization, 28, 138-141 
Copy/ Monitor Options, 226-228 

DWG Export, 257-259 

Edit Assembly, 494—497 

Edit Baluster Placement, 646 

Edit Color Scheme, 136 

Edit Shared Parameters, 809 

Energy Settings, 353 

Family Category and Parameters, 284 
File Save Options, 173 

Fill Patterns, 128-130 

Filter, 70 

Graphic Display Options, 32-33, 435-446 
Insert Views, 161-162 

Line Patterns, 115-116 

Loaded Tags, 148 

Mass Floors, 290 

New Family, 597-597 

New Pattern, 130-135 

New Project, 112 

New Schedule, 750-756 

Object Styles, 113-114 

Phasing, 379-382 

Project Parameters dialog box, 453—454 
Sheet Issues/Revisions, 822-824 

Stair Calculator, 648 

Type Properties, 492, 774-775 

View Range, 54 

View Templates, 144-147 
Visibility/Graphic Overrides, 51, 181-184 
Worksets, 170, 178 


Dimension tools, 794 
dimensions 


alternate units, 802-803 

annotation and, 794-796 
text, custom, 798-800 

controls, 796 

equality, 797-798 

strings, editing, 800-802 


disabling worksharing, 194-195 
dissolving, 305-311 
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documentation 
area objects, 744-747 
area plans, 740-744 
large projects, 748 
modifications, 747 
areas, deleting, 746 
BOMA (Building Owners and Managers 
Association), 740 
legends, 761-762 
schedules 
creating, 748 
room schedules, 750-761 
sheets 
area plans, 763-764 
guide grids, 765-766 
schedules, 766-768 
space calculation, room objects and, 737-739 
doors, 709 
curtain walls, 527—528 
dormers, 587—589 
double-clicking to edit, 94-95 
drafter role, 14, 15 
drafting patterns, 129 
drafting views, 59-60 
drawing area, 29 
drawings, 3 
driving points, 339 
Duplicate View commands, 52-53 
DWG Export dialog box, 257-259 
General tab, 264 
Layers tab, 260-262 
Lines tab, 262-263 
Patterns tab, 263 
Solids tab, 263 
Units & Coordinates tab, 263 


E 


Edge control, 300 
edges, floors 
custom, 569-571 
slab edges, 568 
Edit Assembly dialog box, 494—497 
Edit Baluster Placement dialog box, 646 


Edit Color Scheme dialog box, 136 
Edit Shared Parameters dialog box, 
809 
editing elements 
aligning, 84 
arraying, 81-83 
linear arrays, 81 
radial arrays, 81 
constraints, 88—90 
views, 89—90 
copying, 78 
from Clipboard, 91 
Create Similar tool, 93 
double-clicking, 94-95 
extending lines/walls, 84-86 
Join Geometry tool, 90-91 
keyboard shortcuts, 93-94 
mirroring, Mirror tool, 80-81 
moving 
Move tool, 76—77 
with nearby elements, 77-78 
nudging, 77 
temporary dimensions, 74-76 
offsetting lines/walls, 87 
Paint tool, 91 
pasting, from Clipboard, 91-93 
pinning, 88 
rotating 
Rotate tool, 80 
spacebar and, 79 
scaling, 84 
Split Face tool, 91 
splitting lines walls, 86—87 
trimming lines/walls, 84—86 
wall structures, 494—497 
editing requests, worksets, 197-200 
editing shapes 
floors, 589—593 
roofs, 589—593 
elements, 3 
editing 
aligning, 84 
arraying, 81-83 
constraints, 88—90 


copying, 78 
copying from Clipboard, 91 
Create Similar tool, 93 
double-clicking, 94-95 
extending lines, 84-86 
keyboard shortcuts, 93-94 
mirroring, 80-81 
Move tool, 76—77 
moving, 74-78 
moving with nearby elements, 
77-78 
nudging, 77 
offsetting lines and walls, 87 
Paint tool, 91 
pinning, 88 
rotating, 79-80 
scaling, 84 
Split Face tool, 91 
splitting lines/ walls, 86-87 
temporary dimensions, 74—76 
trimming lines, 84—86 
moving, between worksets, 181-184 
selecting, 67—69 
elevation tags, 156-157 
Elevation tool, 55—56 
elevations, creating, 55—56 
Energy Analysis panel, 351 
energy modeling, 350-351 
CEA (conceptual energy analysis), 351 
refining, 360-367 
setup, 352-357 
simulations, 357—360 
detailed, 367—368 
ebXML export, 368-373 
Energy Settings dialog box, 353 
execution plan, 15-16 
exercises 
Coordinate Review tool, 232-233 
Copy/Monitor tool, 228-230 
Interference Check tool, 234-236 
linked models, 222 
exploded views, 864-870 
exporting 
2D CAD data, 264-266 
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CAD data 
DWG exports, 259-264 
views list, 257—259 
shared coordinate systems and, 211 
extending lines/walls, 84-86 
Extension settings, 443 
exterior elevations, 56 
exterior glazing material, 128 
extrusions, creating, 623-625 


F 


Face control, 300 
families, 595-596. See also Family Editor 
adaptive components, 603 
detail components, 726-729 
file size, 927—929 
hosted types, 600—601 
in-place, 596 
keynotes, 788 
mass families 
606-607 
in applications, 607 
nesting, 635-637 
nonhosted types, 600—601 
parameters, 599-600 
schedules, 598—599 
Family Category and Parameters dialog box, 284 
Family Editor, 595-596. See also families 
Annotate Tab, 604 
annotation symbols, 602 
blends, 630-635 
Create tab, 604 
cut values, 599 
detail components, 601—602 
extrusions, 623-625 
families, nesting, 635-637 
family components, 605-608 
family templates, 597-598 
family type parameters, 639-642 
Import CAD tool, 604 
insertion point, 608-611 
Is Reference property, 608 
line-based components, 601 
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Family Editor (continued) 
Link CAD tool, 604 
masses, 280 
materials, 621—622 
object styles, 618-619 
parameteric arrays, 639-642 
parameters 

assigning, 599-600 
dimensions, 611-614 
sorting, 615 
reference lines, 607 
behavior, 608 
reference planes, 606 
behavior, 608 
reference points, 607—608 
revolves, 629—630 
schedules, 598—599 
subcategories, 618—619 
sweeps, 625—629 
tooltips, 627—628 
troubleshooting, 637—642 
visibility 
detail level, 620 
settings, 619-621 
visibility checks, 637-639 

family templates, 597-598 

family worksets, 171 

File Save Options dialog box, 173 

files 
naming, 173 
size 

families, 927—929 
groups, 927-929 
views, 929-932 

fill patterns, 128-130 
Coarse Scale Fill Pattern type, 494 
color schemes, preconfiguring, 

135-138 
custom, 130 
creating, 131 
importing, 131-135 
cut patterns, 128 
drafting patterns, 129 
model patterns, 129 


PAT files, 132 
simple, 129 
creating, 130-131 
surface patterns, 128 
Fill Patterns dialog box, 128-130 
filled regions, 709-714 
placing, 713-714 
type names, 712 
types, creating, 713-714 
Filter dialog box, 70 
filters 
phase filters, 377 
applying, 382-384 
Properties palette, 72 
selections, 70 
views, 141-143 
finishes (floors) 
thick, 574-575 
thin, 572-574 
floor plans, creating, 53—55 
floors, 559 
area, 561 
collaboration, 561 
Copy/ Monitor tool, 228 
edges 
custom, 569-571 
slabs, 568 
finishes 
thick, 574-575 
thin, 572-574 
floor-by-face method, 566 
mass floors, 290 
metal decking, cantilevered, 565 
objects, 559 
pads, 566 
Pick Walls mode, 563 
room-bounding and, 576 
sandwich, 559-560 
area, 561 
Sandwich Edge profile, 570-571 
shape editing, 589-593 
sketching for, 567 
structural, 562—565 
Format panel, 775-776 


formula-driven massing 
complex mass family, 326-332 
generic model mass family, 313-325 
Generic Model template, 313 

formulas, 721 

framework, massing framework, building, 

344-350 
free points, 339 
free-form massing, 298-305 


G 


ebXML files, 351 
exporting to, 368-373 
generic model mass family, 313-325 
geometry 
massing and, 282-283 
phasing and, 378, 385-388 
glass railings, 693—696 
Google Maps, 448 
Graphic Display Options dialog box, 32-33, 
435—446 
graphic extents (datum objects), 41-43 
Green Building Studio service, 351 
grids 
Copy/ Monitor tool, 228 
grid justification marker, 536 
UV, 536-537 
grips (text boxes), 773 
groups 
best practices, 406—407 
creating, 394—396 
copying, 398—400 
from links, 404—405 
datum objects, 406 
design options and, 415-430 
detail groups, 394 
excluding elements, 400—402 
file size, 927—929 
hosted elements, 406 
loading, 402-404 
mirroring, 407 
model groups, 394 
modifying, 396—398 


FORMULA-DRIVEN MASSING •» JITTER SETTINGS! 961 


nesting, 406 
phasing and, 415-430 
relationships, attached, 406 
saving, 402-404 
shared parameters, 810 
worksets, 183 

guide grids, 765-766 


H 


handrails, 654-655 

Hidden Line view, 437 
hosted family types, 600-601 
hosted points, 339 

hybrid detailing, 705-707 


I 


IDMs (information delivery manuals), 6 
IFC (Industry Foundation Classes), 6, 269-271 
export settings, 271-275 
exporter, 271 
Indiana University BIM requirements, 208 
clash detection, 233-234 
InfoCenter, 21 
in-place families, 596 
in-place masses, 280, 283-289 
Insert tab, 22 
Insert Views dialog box, 161-162 
instance parameters, 49-50 
stairs, 647-649, 663 
versus type parameters, 614—617 
insulation, 723-724 
Interactive Ray Trace view, 439 
Interference Check tool, 234-236 
interior elevations, 56 
interoperability 
2D CAD data, inserting, 245-249 
CAD data, inserting, 237-245 
intersects, 538 
IPD (integrated project delivery), 561 


J 
Jitter settings, 443 
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K 


key schedules, 750 
keyboard shortcuts, 93-94 
keynotes, 771, 776-779 
adding, 784-785 
assigning, 779-780 
editing, 779-780 
family, 788 
files, 780-782 
legends, 785-787 
loading /reloading, 783 
schedules, 787 
settings, 782-783 
TXT file, 782-783 


L 


landings, stairs, 650 
large projects, area plans, 748 
Layers table, 495 
legends, 60-61 
keynotes, 785-787 
levels, 38 
3D data export, 268-269 
copying, 39-40 
Copy/Monitor tool, 227 
plan views, 38 
LiDAR (light detection and ranging), 873 
benefits, 875 
color, 880 
detail, 880 
existing conditions, 875-879 
exterior scans, 879 
hardware, 874-875 
imagery, 880 
interior scans, 879 
point clouds, 884-888 
schedules, 880-881 
lighting controls, 443 
Line Patterns dialog box, 115-116 
line-based detail components, 723 
lines 
line weight settings, 115 
patterns, 115-117 
creating, 117-118 


Spline Through Points, 294 
styles, 118-119 
Linework tool, 114 
linked models, 209-210 
benefits, 221-222 
coordinate systems 
acquiring, 211-213 
internal, 210-211 
publishing coordinates, 211-213 
shared, 211 
exercises, 222 
limitations, 221-222 
PBP (project base point) 
clipped, 216 
unclipped, 216 
phasing and, 394 
portability setting, 217-218 
relative paths, 221 
shared positioning, 210-211 
SP (survey point) 
clipped, 216 
unclipped, 216-217 
views, 224-225 
visibility, modifying, 222-224 
worksets and, 219-220 
properties, 220-221 
worksharing files and, 218-219 
links 
CAD details, 247-249 
groups, creating, 404—405 
Loaded Tags dialog box, 148 
local files, 175-178 
benefits, 178 
lonely BIM, 205 


M 


MacLeamy, Patrick, 12 
MacLeamy Curve, 12 
Manage tab, 24 

Manage Project panel, 174-175 
masking regions, 710 
Mass Floors dialog box, 290 
massing, 279-282 


conceptual mass, 336-337 
adaptive components, 344 
control arrow, 299-301 
dissolving, 305-311 
Edge control, 300 
Face control, 300 
Family Editor, 280 
floors, 364 
formula-driven 
complex mass family, 326-332 
generic model mass family, 313-325 
Generic Model template, 313 
framework, building, 344-350 
free-form, 298-305 
geometry, 282-283 
in-place masses, 280, 283-289 
mass floors, 290 
placing masses, 289 
scheduling masses, 291-293 
Show Mass mode, 285 
surfaces, 293-298 
Vertex control, 301 
Massing & Site tab, 23, 284 
Match Type Properties tool, 73 
Material Browser, 119-120 
organization, 126-128 
Project Materials list 
Graphics tab, 121-123 
Identity tab, 120-121 
Material Takeoff schedule, 749 
materials 
assets, 119 
adding /replacing, 124-126 
exterior glaze, 128 
fill patterns, 128-130 
organizing, 126-128 
MEA (model element author), 561 
menus, Application, 20 
metal decking, canitlevered, 565 
model detailing, 707 
model groups, 394 
Model Objects, 113 
model patterns, 129 
modeler role, 14 
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Modify mode, 67-69 
Modify tab, 24 
Modify tools, behaviors, 76 
mouse, navigation, 35-36 
Move tool, 76 
Constrain option, 77 
Disjoin option, 77 
Multiple option, 77 
moving 
elements, 74 
Move tool, 76—77 
with nearby elements, 77—78 
nudging, 77 
between worksets, 181-184 
text boxes, 773 
mullions, 521 
corner, 529 
pinned, 531-532 
MVDs (model view definitions), 6 


N 


naming, files, 173 
navigation, 33-34 
mouse, 35—36 
Space Navigator, 35-36 
SteeringWheels, 35 
View Cube, 34 
Navigation bar, 35 
NBIMS-US (National BIM Standard), 205 
nesting families, 635-637 
networks, Revit Server Accelerator, 174 
New Family dialog box, 597-597 
New Pattern dialog box, 130-135 
New Project dialog box, 112 
New Schedule dialog box, 750-756 
nonhosted family types, 600-601 
Note Block schedule, 749 
nudging elements, 77 


O 


Object Styles dialog box, 113-114 
objects 
calculating space and, 737-739 
datum objects, 36-38 
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optimizing performance, 917-920 
Options bar, UI (user interface), 25 
organizational chart, 37 


P 


PACE (Partnership for Achieving 
Construction Excellence), 206 
pads, floors, 566 
Paint tool, 91 
palettes, Properties, 26-28 
panels 
dialog launchers, 24 
expanded panels, 24 
parameters, 49—50 
annotation and, 803-804 
project, 804-808 
shared, 804 
assigning, 810-812 
creating, 808-810 
tagging, 812-816 
Detail Level, 51 
families, 639-642 
assigning, 599-600 
Family Editor, dimensions, 
611-614 
instance, 49—50 
stairs, 647—649 
project, 804-808 
shared, 804 
assigning to category, 810-812 
creating, 808-810 
tagging, 812-816 
sorting, 615 
type, 49, 614-615 
catalogs, 615-617 
parts 
category, 842 
creating, 834-835 
dividing with gap, 839-841 
excluding, 841 
merging, 841 
modifying, 835-842 
scheduling, 842-843 


PAT files, 132 
patterns, curtain walls, 539-540 
PBP (project base point), 213-214 
clipped, 216 
unclipped, 216 
Penn State Office of Physical Plant, 
206 
performance optimization, 917-920 
permissions, 200 
Perspective view, 440 
phase filters, 377 
applying, 382-384 
phasing, 375-376 
applying phases, 381-382 
design options and, 415-430 
geometry, 378, 385-388 
groups and, 416-430 
linked models and, 394 
Material Browser dialog box, 
386-388 
settings, 379-380 
view phase, 388-394 
Phasing dialog box, 379-382 
Graphic Overrides tab, 384-385 
Photographic Exposure, 443 
photorealistic visualization, 432 
Pin tool, 88 
pinning elements, 88 
plan views, levels, 38 
Point Cloud File Indexing, 885 
point clouds, 873 
large, 888 
LiDAR, 884-888 
modeling and, 889-893 
points 
driving points, 339 
free points, 339 
hosted points, 339 
measurement direction, 341 
reference points, 339 
presentation 
3D views 
annotating, 861-862 
orienting to other views, 859-861 


Color Fill Legends, 847-848 
color scheme numerical ranges, 856-859 
custom, 852-854 
program verification, 858 
rooms, 848-852 
settings, 855-856 

exploded views, 864-870 

viewports, editing types, 862-864 

profiles (railings), 650-651 

Project Browser, 26-28 
saving groups, 403 

Project Materials list 

Graphics tab 
Appearance property, 122 
Cut Pattern property, 121 
Shading property, 121 
Surface Pattern property, 121 

Identity tab, 120-121 

Project Parameters dialog box, 453-454 
project standards worksets, 171 
project templates, 111-112 

Asset Browser, 124-126 

line settings 
line styles, 118-119 
pattern creation, 117-118 
patterns, 115-117 
weights, 115 

Material Browser, 119-120 
Project Materials list, 120-123 

materials, 119-120 
assets, 119 
fill patterns, 128-130 
organizing, 126-128 

New Project dialog box, 112 

new projects and, 157 

Object Styles dialog box, 113-114 

redundant work reduction, 161 

projects 

2D elements, from files, 162-163 

central file, 167-168 
creating, 171-174 
local copy, 175-178 
synchronizing, 186-188 

managing, 36 
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models, 65 
organizating, 36 
parameters, annotation and, 804—808 
roles, 12-14 
architect, 14 
drafter, 14,15 
modeler, 14 
standards, transferring, 159-161 
views, from files, 161-162 
properties 
matching, 73 
views, 51-52 
worksets, linked models and, 220-221 
Properties palette, 26-28 
Apply button, 71 
filters and, 72 
instance parameters in, 50 
selecting and, 71-73 
Type Selector, 71-72 
view templates, 145 
property lines, 104-106 
tagging, 107—108 
publishing coordinates, 211-213 


Q 
QAT (Quick Access toolbar), 20-21 
quality control 

file size, 927-932 

schedules, 932-937 

warnings, 937-939 


R 


railings, 645-647 
balusters, 651 
as tread supports, 669-676 
best practices, 699-700 
creating 
Place On Host method, 687—689 
Sketch Path tool, 687 
custom, 689-693 
extensions, 654 
glass, 693—696 
handrails, 654-655 
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railings (continued) 
lamposts as baluster family, 697-698 
profiles, 650-651 
as shading defice, 697 
top rail, 651-653 
transportation components, 698 
Realistic view, 437, 439 
reference lines 
control points, 294 
segments, 294 
reference planes, 46-48 
reference points, 339 
regions 
filled, 709-714 
placing, 713-714 
types, creating, 713-714 
masking, 710 
relative paths, linked models, 221 
Repeating Detail Component tool, 719-723 
revisions 
cloud 
creating, 821-824 
leader, disabling, 827 
live model, 825 
placement, 824-826 
tagging, 826 
live models, 824 
Revit 
closing, 192-194 
drawings, 3 
elements, 3 
overview, 3 
Revit Server Accelerator, 174 
revolves, creating, 629-630 
Rhino, curves, 251-254 
ribbon, 21-22 
Modify mode, 67—69 
tabs 
Analyze, 23 
Annotate, 22 
Architecture, 22 
Collaborate, 23 
Contextual, 24 
Insert, 22 


Manage, 24 
Massing & Site, 23 
Modify, 24 
Structure, 22 
Systems, 22 
View, 23 
views, creating, 52-53 
right-click commands, 73-74 
roles, 12-14 
architect, 14 
drafter, 14, 15 
modeler, 14 
roofs 
dormers, 587—589 
Fascia tool, 586—587 
Gutter tool, 586—587 
Roof By Face tool, 584-585 
roof in-place method, 583-584 
roof-by-extrusion method, 582-583 
roof-by-footprint method, 579-582 
room-bounding and, 576 
shape editing, 589-593 
sketching for, 567 
slope 
arrows, 585-586 
glazing, 585 
sloped topping, 590-592 
Soffit tool, 586—587 
thickness 
referencing level, 576 
variable, 592-593 
room-bounding, 576 
rooms 
annotation and, 739 
Color Fill Legends, 848-852 
schedules, 750-756 
area schedule, 758-759 
sheet list, 759-761 
wall schedule, 756-758 


S 
sandwich (floors), 559-560 
area, 561 
Sandwich Edge profile, 570-571 


saving, 186-188 
groups, 402-404 
intervals, 188 
scaling elements, 84 
Schedule/Quantities schedule, 749 
schedules, 423—426 
creating, 748 
families, 598—599 
Graphical Column Schedule, 61 
key, 750 
keynotes, 787 
LiDAR, 880-881 
masses, 291-293 
Material Takeoff, 62, 749 
Note Block, 62, 749 
quality control and, 932-937 
room schedules, 750-756 
area schedule, 758-759 
sheet list, 759-761 
wall schedule, 756-758 
Schedule/Quantities, 61, 749 
Sheet List, 62, 749 
sheets, 766-768 
View List, 62, 749 
SDs (supplemental drawings), 827 
section box, 446—448 
section poché, 105 
section tags, 153-154 
custom graphics, 155 
Section tool, 56—57 
selecting 
all instances, 70-71 
colors and, 68 
context menu, 73-74 
elements, 67—69 
filters, 70 
Match Type Properties tool, 73 
options, 69 
Properties palette and, 71-73 
service opportunities, 5 
Shaded view, 437, 438 
Shadows toggle, 441-442 
shape editing 
floors, 589-593 
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roofs, 589-593 
shared coordinate system, 211 
shared parameters 
annotation and, 804 
assigning to category, 810-812 
creating, 808-810 
group, 810 
tagging, 812-816 
Sheet Issues/Revisions dialog box, 
822-824 
sheet list, room schedules, 759-761 
Sheet List schedule, 749 
sheets, 62 
area plans, 763-764 
guide grids, 765-766 
schedules, 766-768 
view ports, 763 
views, activation, 764-765 
Show Mass mode, 285 
Silhouettes option, 439, 441 
simple patterns, creating, 130-131 
site context, 95—96 
building pad, 104 
cut-fill surface, 108-109 
property lines, 104-106 
tagging, 107—108 
section poché, 105 
toposurface 
CAD data, 98-99 
placing points, 97-98 
points file, 100 
sketching, 567 
SketchUP, exporting to, 266-269 
Sketchy Lines, 443 
SKs (supplemental sketches), 827 
slabs, edges, 568 
sloped topping (roofs), 590-592 
social BIM, 205 
solids, voids as, 311-312 
SP (survey point), 213, 214 
clipped, 216 
unclipped, 216-217 
Space Navigator, 35—36 
spider fittings, 532-533 
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SPie (Specifiers’ Properties Information Exchange), 6 
Spline Through Points line, 294 
Split Element tool, 86 
Split Face tool, 91 
Split With Gap tool, 86-87 
stacked walls, 516-519 
staffing, 12 
Stair Calculator dialog box, 648 
stairs, 645-647 
annotations, 684-686 
balusters, as tread supports, 669-676 
best practices, 699-700 
carriage, 649 
custom, 663-665 
instance parameters, 647-649 
instance properties, 663 
landings, 650 
run, 649 
stringer, 649, 665-669 
support, 649 
tools, 658—662, 677—684 
stand-alone detailing, 705 
status bar, 29 
SteeringWheels, 35 
stringer (stairs), 665—669 
strings, dimensions, editing, 800-802 
structural floors, 562—565 
structural to MEP engineer workflow, 209 
Structure tab, 22 
subtractive method of storage, 492 
sunshades, 532-533 
surface patterns, 128 
surfaces 
forms, 295 
massing surfaces, 293-298 
multiple splines, 295 
sustainability, 335-336 
SWC (Synchronize With Central) command, 168, 
173-174 
sweeps, creating, 625-629 
swept blends, 630-635 
synchronizing, central files, 186-188 
system families, 48-49 
Systems tab, 22 


T 
tags 
annotating and, 788-789 
inserting, 789-790 
custom, 149-151 
elevation tags, 156-157 
section tags, 153-154 
view tags, 152 
families, 147-149 
parameters, shared, 812-816 
revision cloud, 826 
teams, adding members, 16 
templates. See project templates 
additive approach for management, 157-158 
family templates, 597-598 
subtractive approach for management, 
158-159 
view template, 52, 192-193 
views, 143-147 
assigning, 145 
temporary dimensions, moving elements and, 
74-76 
Temporary View Properties, 30-31 
text 
in annotation, 771-775 
formatting, contextual, 775-776 
Format panel, 775-776 
keynote files, 780-782 
Type Selector, 773-774 
text boxes 
grips, 773 
moving, 773 
rotating, 773 
thick finishes (floors), 574—575 
thickness (roofs) 
referencing level, 576 
variable, 592—593 
thin finishes (floors), 572-574 
top rail, 651-653 
toposurface 
building pad, 104 
CAD data, 98-99 
cut-fill surface, 108-109 


placing points, 97-98 
points file, 100 
property lines, 104-106 
tagging, 107-108 
section poché, 105 
Split Surface tool, 102-103 
subregions, 100-101 
transferring project standards, 159-161 
tread supports, 669-676 
Trim/Extend tools, 84-86 
trimming lines/walls, 84-86 
type catalogs, 615-617 
type parameters, 49, 614-615 
catalogs, 615-617 
Type Properties dialog box, 492, 774-775 
Type Selector, 71-72 
text annotation, 773-774 


U 


UI (user interface), 19 
3D views, 62-65 
Callout tool, 58-59 
content 
component families, 49 
system families, 48—49 
datum objects, extents, 41-46 
Detail Level parameter, 51 
drafting views, 59-60 
drawing area, 29 
Elevation tool, 55—56 
Graphic Display Options dialog box, 32-33 
InfoCenter, 21 
legends, 60—61 
menus, Application, 20 
navigation, 33-34 
mouse, 35—36 
SteeringWheels, 35 
ViewCube, 34 
Navigation bar, 35 
Options bar, 25 
panels, 24 
dialog launchers, 24 
expanded panels, 24 
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parameters, 49-50 
instance, 49—50 
type, 49 
plan views, levels, 38 
Project Browser, 26-28 
project models, 65 
Properties palette, 26-28 
instance parameters in, 50 
QAT (Quick Access toolbar), 
20-21 
ribbon, 21-22 
Analyze tab, 23 
Annotate tab, 22 
Architecture tab, 22 
Collaborate tab, 23 
Contextual tabs, 24 
Insert tab, 22 
Manage tab, 24 
Massing & Site tab, 23 
Modify tab, 24 
panels, 24 
Structure tab, 22 
Systems tab, 22 
View tab, 23 
schedules, 61—62 
Section tool, 56—57 
sections, 56—57 
sheets, 62 
status bar, 29 
Temporary View Properties, 30-31 
views, 50-51 
control bar, 30 
creating, 52-53 
duplicating, 52-53 
properties, 51-52 
scale, 51 
template, 52 
Visibility/Graphic Overrides dialog box, 
51 
work plane viewer, 33 
UK-based BIM Task Group, 6 
user-created worksets, 171 
usernames, worksharing, 178-179 
UV grid, 536-537 
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V 


Vertex control, 301 
view control bar, 30 
view controls, 432-433 
detail level, 433-435 
graphic display options, 435-446 
section box, 446-448 
View List schedule, 749 
view phase, 388-394 
View Range dialog box, 54 
View tab, 23 
View Templates dialog box, 144-147 
View Templates tool, 144-145 
ViewCube, 34 
viewports, 763 
types, editing, 862-864 
views, 36, 50-51 
3D, 62-65 
ambient light, 443 
assemblies, 844-846 
axonometric, 864—870 
Browser Organization dialog box, 138-141 
Consistent Colors, 437, 438 
creating, 52-53 
duplicating, 52-53 
exploded, 864-870 
filters, 141-143 
Hidden Line, 437 
inserting from files, 161-162 
Interactive Ray Trace, 439, 440 
lighting, 443 
linked files, 224-225 
Perspective, 440 
Photographic Exposure, 443 
properties, 51-52 
Realistic, 437, 439 
scale, 51 
Shaded, 437, 438 
shadows, 441—442 
sheets, activating, 764-765 
silhouttes, 439, 441 
starting view, 174-175 
tags, 152 


template, 52, 192-193 
templates, 143-147 
assigning, 145 
worksets, 3D, 183 
views worksets, 171 
visibility in linked files, 222-224 
Visibility/Graphic Overrides dialog box, 51, 
181-184 
visual programming, 325 
visualization, 6—9 
analytic, 432, 448 
design element identification, 455 
project parameters, 449-452 
solar and shadow studies, 455—458 
user-defined parameters, 452—455 
photorealistic, 432, 458—459 
light groups, 479-485 
lighting, 477-478 
artificial, 478-479 
locking views, 462-463 
materials assignment, 485-486 
monochromatic views, 472-476 
perspective views, 459-462 
rendering, cloud, 486-487 
rendering settings, 469-472 
sequencing, 459 
walkthroughs, 464-467 
exporting, 468-469 
workflow, 459 
role of, 431-432 
view controls, 432-433 
detail level, 433—435 
graphic display options, 435-446 
section box, 446—448 
worksharing, 189-192 
voids, as solids, 311-312 


WwW 


walls 
articulation, 501—508 
basic wall types, 492 
joins, editing, 511-514 
modeling techniques, 508-511 


Copy/ Monitor tool, 228 
cores, 497-499 
curtain, 519-521 
complex, 534-557 
corner mullions, 529 
custom types, 529-531 
design, 521-523 
door placement, 527-528 
grid segments, 524-527 
mullions, 523—524 
panels, 523-524, 532 
pinned mullions, 531-532 
pinned panels, 531-532 
spider fittings, 532-533 
sunshades, 532-533 
editing, structures, 494-497 
extended modeling techniques, 491-516 
floors, attaching automatically, 515 
Function type property, 493-494 
Graphics type property, 493-494 
in-place walls, custom, 515-516 
layers, extending, 508-511 
layer-wrapping solution, 499-501 
profiles, modifying, 514-515 
schedule, 756-758 
stacked, 516-519 
sweeps, 504-506 
returns, 506-508 
work plane, named reference planes, 623 
work plane viewer, 33 
workflow 
collaborative, 208-209 
worksets and, 184-186 
saving work, 186-188 
Workset1, 180 
worksets, 167 
amount needed, 179 
central file, 167-168 
creating, 171-174 
local copy, 175-178 
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synchronizing, 186-188 
working in, 185 
collaboration, 188 
elements, moving between, 181-184 
families, 171 
groups, 183 
linked models and, 219-220 
properties, 220-221 
organization, 179-184 
ownership, 195-196 
editing requests, 197—200 
permissions, 200 
Worksharing Monitor, 200-201 
project standards, 171 
user-created, 171 
view templates, 192-193 
views, 171 
3D, 183 
workflow and, 184-186 
saving work, 186-188 
Worksets dialog box, 170, 178 
worksharing, 167 
central file, 167-168 
creating, 171-174 
local copy, 175-178 
synchronizing, 186-188 
collaboration, 188 
cloud, 201-202 
disabling, 194-195 
enabling, 169-171 
files, opening, 177 
library analogy, 168 
linked models, 218-219 
usernames, 178-179 
visualization, 189—192 
Worksharing Monitor, 200-201 
worksheets, copying and, 78 


X 
X-Ray mode, 301 
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